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New Developments - 
in Air Cleaning 


LESLIE SILVERMAN, Sc.D. 


Associate Professor, Industrial Hygiene Engineering, Industrial Hygiene Department 
School of Public Health, Harvard University, Boston 


HE GROWING concern over air pollution in 

major cities and from specific industrial 
sources has focused attention on air and gas 
cleaning developments. Such incidents as 
the recent Donora, London, Poza Rica and 
continued Los Angeles smog problems have 
emphasized the need for further knowledge 
and application of air and gas cleaning 
equipment. 

The science of air and gas cleaning is not 
new since devices for removing particulate 
matter or gases and vapors have been ap- 
plied in industry for at least 75 years. The 
important item, however, is that the char- 
acter and variety of air and gas contam- 
inants have changed in recent years and we 
are continually increasing the number of 
chemical and metallurgical agents which 
can pollute the atmosphere. In addition to 
the variety of contaminants now encoun- 
tered we also have a marked reduction in 
particle size of discharged solid materials 
such as dusts, fumes and smokes. A number 
of extremely fine metallurgical and chemi- 
cal particulates (less than 1 micron) are 
now a representative portion of the airborne 
material present in large industrial cities. 

Since 1948, the Harvard Air Cleaning 
Laboratory has been studying air and gas 
cleaning methods under a U.S. Atomic En- 
ergy Commission contract. A large portion 
of the discussion given in this paper is cen- 
tered around developments and studies made 
in our laboratory. Other new devices or 
modifications of older developments will also 
be considered. 


Presented at the December 29, 1953 Meeting of the 
American Association for the Advancement of Science, 
New England Section, American Industrial Hygiene As- 
sociation. 


Classification of Air Cleaners 
A® CLEANING devices are classified accord- 
ing to the forces which predominate in 
the separation of particulate matter. Basic- 
ally they may be divided into inertial sep- 
arators, filters, scrubbers or wet collectors, 
electrostatic precipitators and miscellaneous 
types. Included in the miscellaneous group 
are incineration, catalytic combustion, sonic 
and thermal agglomeration devices. Neither 
of the last two have proved very successful 
in commercial application to date. Thermal 
precipitation has not been used except for 
sampling purposes whereas sonic agglomera- 
tion, which has been tried on a pilot scale 
in recent years, has not proved outstanding 
in any large scale application. 

All of the devices discussed in regard to 
specific types and applications are depend- 
ent upon the fundamental aerosol factors 
such as size, size distribution, shape, sur- 
face characteristics and specific gravity. In 
addition the aerosol loading or amount of 
material per unit volume of gas is impor- 
tant in the operating characteristics of each 
type to be discussed. 

The important factors on any air or gas 
cleaner performance is its efficiency or abil- 
ity to clean, its resistance or pressure loss 
when operating at design conditions and its 
useful life. The latter two factors are of 
paramount importance to plant operators 
since they are concerned with the economics 
of air and gas cleaning. From the pollution 
control standpoint efficiency or degree of re- 
moval is of the greatest significance. 

Efficiency may be based on weight remov- 
al, discoloration of a given type of filter, or 
on a particle count basis. The first type of 
rating on a weight basis is of prime con- 
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cern in air pollution abatement whereas the 
other two methods are of importance in, air 
conditioning or special applications. 

It is not intended in this brief discussion 
to delineate all the reasons and factors in- 
volved in air and gas cleaner ratings and 
for that phase the reader is referred to the 
recent “Handbook on Air Cleaning”! or a 
recent article by the writer, “Performance 
of Industrial Aerosol Filters.’ 

In the field of inertial collectors, which is 
perhaps the oldest collecting device used, 
there is little that can be produced in the 
way of new equipment except those devices 
incorporating some new or novel approach 
to the old principle of applying as much 
centrifugal energy as possible to the parti- 
cle. Attempts have been made in the power 
plant industry where these devices are used 
to the largest extent to increase the separat- 
ing efficiency by decreasing the radius of 
travel of the particle as well as the use of 
multiple small devices in order to accom- 
plish the objective of separation without 
undue pressure loss. The basic mechanism 
used in separating particles in inertial col- 
lectors, of course, is the terminal velocity 
of the particle which is a function of the 
5 ess (s) factors: size, size distribution, 
shape, surface and specific gravity and some- 
what less dependent on the gas viscosity and 
density. In this discussion, some new de- 
vices used for inertial separation will be 
discussed in regard to their recent applica- 
tion. 

The area in which most progress has been 
made in the last decade has been in the field 
of filtration. The production of new media 
and different approaches to application of 
these media has resulted in some extremely 
efficient separating devices. Particle separa- 
tion by filtration is a function of all of the 
particle parameters such as size, shape, spe- 
cific gravity, surface, and_ electrostatic 
charge and, of course, the particle para- 
meters are dependent upon the filter para- 
meters such as fiber size, shape, charge and 
orientation or packing characteristics. 
Fundamentally, the forces which operate in 
the filter include those which operate in iner- 
tial collectors such as gravity and impaction 
but also include additional ones such as di- 
rect interception, diffusion, electrostatic 
charge, and possibly thermal precipitation. 

Most of the new developments, with re- 
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gard to filtration, have centered around the 
production of extremely fine fibrous media 
and the production of media having unusual 
surface, thermal, or electrostatic charge 
characteristics. 

In the field of scrubbers or wet collectors 
there have been a few developments which 
may be of interest which have incorporated 
either the use of new filtration media or new 
devices for producing expanded surface for 
impaction and absorption. Wet collectors 
operate on principles similar to inertial col- 
lectors except that water or suitable absorb- 
ing solutions are provided in order to im- 
pact or retain particles whereby subsequent 
separation may then be made by inertial 
forces. Scrubbers may incorporate the prin- 
ciples employed in both inertial separators 
and filters and, in fact, several types of 
scrubbers employ packing which may also 
operate as a_ wetted filtration surface. 
Scrubbers are intended primarily for gas 
or vapor absorption but are often applied 
to gas and aerosol mixtures. 

The development of fibrous media of in- 
organic materials such as glass in various 
sizes and forms and the production of mono- 
filaments and fine fibers of several thermo- 
setting resins or plastics have made possi- 
ble extended surface absorption devices 
which can also incorporate filtration princi- 
ples to assist in separation of both particu- 
late and gaseous wastes. In this paper some 
new approaches in the application of wet 
cleaning will also be discussed. 

The field of electrostatic precipitation 
will, of course, bring to light the fact that 
devices incorporating this principle depend 
upon charging of airborne particles and 
subsequent separation on charged plates by 
means of the induced charge. The predom- 
inant force in this method of separation is 
the electrostatic charge, its polarity and its 
magnitude. The conditions under which 
separation may take place are dependent 
upon the rate of air flow of velocity through 
the unit and the particle surface charge in 
relation to its mass. 

In the past few years there have been 
considerable improvements in electrostatic 
precipitators and recently there have been 
introduced new separating approaches 
which utilize other than high voltage recti- 
fied current and which may use friction 
charged or electrostatically charged media 
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Fig. |. 
New inertial collector (Amerclone) of small 
radius and unique design. (American Air Fil- 
ter Company) 


as a separating force. In this connection it 
is somewhat difficult to separate these latter 
types of electrostatic precipitators from fil- 
ters but the distinction will be made in the 
text as to where the major separating force 
is applied in regard to the device in question. 

Application of direct and catalytic com- 
bustion is the most recent development in 
the miscellaneous group. The problem of 
odor control from various solvents and off- 
gases especially from hot processes has 
made these devices attractive in the past 
few years. In this paper only a brief dis- 
cussion of this method will be mentioned 
with some of its recent applications. Basic- 
ally this method is primarily for gaseous 
wastes but in some instances it can be ap- 
plied to particulates. 


Inertial Separators Developments 

HE INERTIAL or centrifugal separator, 

since this is the predominating force, is 
the oldest and simplest type of cleaner. For 
this reason the only new developments are 
in the form of design modifications. Because 
of the effectiveness of small radii in me- 
chanical separation of fine particles most 
developments in recent years have utilized 
multiple small units. Basically, the smallest 
practical radius has been about 1% to 2 
inches. A very recent development* for re- 
moving solids from water has utilized small- 
er (0.4 or 0.6 inch) bakelite or rubber 
molded units in nest arrangements. 

Basically, in air cleaning, the best size- 
separating characteristics have been ob- 
tained with the small two inch units which 
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we found in our laboratory will remove 
completely all particles above eight microns 
in size and approximately 50% of the par- 
ticles in the two micron range, depending 
upon the specific gravity of the material in- 
volved. 

The American Air Filter Company intro- 
duced the new Amerclone unit at the 1953 
Chemical Show in Philadelphia (Novem- 
ber). This device, shown in Fig. 1, is a small 
radius cyclone of novel design incorporat- 
ing a heavy cast iron (%-inch) structure. 
It is intended primarily for power plant 
applications. It incorporates in the design 
a well shaped bell mouth entry and a de- 
creasing radius separating cone. The heavy 
cast iron wall has proved necessary because 
of the abrasive character of power plant fly 
ash. Its performance is comparable to small 
radius cyclones and would yield values close 
to those cited above. 

One additional development in inertial 
separators is the de Permentier strip type 
unit. This device consists of a series of flat 
extruded strips with semi-circular ends 
(see Fig. 2). The semi-circular ends form 
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Fig. 2. 
DEP (de Permentier) curtain type 
separator. 
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small cyclonic sections for separation and 
the strips are placed in a vertical position 
with staggered rows. The bottom of the 
strips lead to collection hoppers. McCabe® 
has recently presented some data on the per- 
formance of these strips which can be made 
of extruded metal or plastics in a variety 
of sizes. Collection efficiencies for fly ash 
were as high as 80% by weight when 12 
rows or grids were used. For cement dust 80 
to 91.6% weight recovery was obtained on a 
dust with 38% of the particles less than 10 
microns. 


Filter Developments 


FILTERS are the next most widely applied 
device for control of industrial process 
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Fag; 3. 
CC-6 space filter utilizing cellulose-asbestos or 
glass fiber media. 


waste air contaminants and receive the 
greatest application in home and office air 
cleaning. Basically filters can now be de- 
signed to give reasonably close to predicted 
removal and resistance values for a number 
of aerosols, however, most of those in use 
today are selected on an economical basis 
rather than any other factor. 

In describing filter developments it is 
perhaps best to break down the newer in- 
novations into new filtration media and 
then discuss devices or applications for 
these media. 

In the inorganic fiber developments of 


the past two years we have had very fine 
glass fibers, % to 1 micron, produced com- 
mercially on a scale large enough to permit 
production of All-glass paper or webs in 


tonnage quantities. Glass web has been 
produced which has performance character- 
istics exceeding those of the so-called 
“ultra” or “absolute” filters made of cellu- 
lose and asbestos. Webs of the type known 
as MSA 1106B in 10 mil thickness (0.010” ) 
at a velocity of five feet per minute have an 
efficiency of 99.98% or penetration of 0.02% 
on dioctyl phthalate smoke which as a mean 
size of 0.3 micron. This web or fiber bonded 
mat has excellent resistance to most acids 
(except HF), will withstand 1000° F tem- 
peratures and has very high physical 
strength. The outstanding factor in connec- 
tion with this web development is its rela- 
tively low cost as compared to early glass 
fiber developments. 

Another recent fiber development is 
Fibrafrax, a product of the Carborundum 
Company. These fine fibers (1 micron and 
less) of aluminum silicate have been fabri- 
cated into webs also which give comparable 


September, 1954 


performance but will withstand tempera- 
tures up to 3000° F. 

Both of these ceramic media can be fabri- 
cated into space filters such as those shown 
in Fig. 3 which permit low loadings (com- 
parable to country air) of highly toxic aero- 
sols to be cleaned with assurance that no 
significant effluent will penetrate. A 1000 
cfm unit will occupy a space 2x2x1 feet. 
Some of these units have operated for as 
long as two years before replacement is 
necessary if they are adequately protected 
by a roughing or prefilter to remove heavy 
dust loads. 

In the field of Fibergias there has also 
been less efficient media produced with 
much lower resistance and longer potential 
life. This is the so-called Aerocor fiber 
group. These are phenol-formaldehyde resin 
bonded fiber mats made in 1 to 3 microns 
and 1 to 5 micron sizes with densities of 0.5 
to 1 pound per cubic foot and one-half to 
one inch thickness. This material was ori- 
ginally intended for aircraft insulation but 
has since found application in air filtration 
work particularly for prefiltering air before 
the absolute filter mentioned above. 

The Owens-Corning Fiberglas Company 
has recently introduced a unit comprised of 
bags made of this type of glass fiber which 
is to be used in series with the Dust-Stop or 
coarse glass fiber furnace filter. This com- 
bination makes ordinary filter banks near- 
ly comparable in efficiency to two-stage low- 
voltage electrostatic precipitators. 

We have recently developed® a filter util- 
izing the resiliency and performance of the 
resin bonded Fiberglas into a variable com- 
pression filter such as is shown in Figs. 4 
and 5. This filter is designed for extended 
life and remote control for constant resist- 
ance. In essence it consists of a compressed 
bed of fibers which are arranged to filter 
radially. As resistance increases the com- 
pression is relaxed allowing further pene- 
tration of the media and increased porosity. 
We have been able to obtain at least four 
successive returns to initial resistance with- 
out affecting penetration. On atmospheric 
dust using one to three (PF 105) micron 
glass fibers efficiencies above 90% at 200 
fpm filtering velocity have been obtained. 

We have also studied the coarser media 
(PF 314) arranged in pleated form for a 
chemical hood or dry box application.? For 
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MEANS FOR VARYING 
COMPRESSION 


(Q)AEROSOL REMOVAL 


FILTERED FILTERED MAXIMUM COMPRESSION 
AiR 


(x) AEROSOL REMOVAL 
FILTER EXPANDED 


(c) AEROSOL REMOVAL 
FILTER AGAIN EXPANDED 
Fig. 4. 
Variable compression or edge filter principle. 


dusts comparable to atmospheric dusts in 
size this media will remove approximately 
60 to 75% by weight and will thus increase 
the life of the final or absolute filters when 
they are used in conjunction with this pre- 
filter. 
One other application of the finer Aerocor 
(PF 105) media may be mentioned and that 
is its application as an absolute filter in the 
new Air Filter Institute Test equipment’ 
as an absolute standard. Since a 0 to 5 
micron fraction of dust is used as a stand- 
ard test suspension this filter will show 
practically 100% removal by weight al- 
though it does not do quite as well on the 
usual encountered atmospheric dust. 
The development of fine extruded or 
drawn resin fibers such as Saran, Dynel, 
Orlon, Dacron, etc., has indicated their pos- 
sible application to air cleaners and our lab- 
oratory has been studying them as filter 
media for the past three years. Such fibers “=m ae 
can develop a high electrostatic charge by Fig. 5. 
friction charging (carding or combing). Model of variable compression filter designed 
The effect of this charge on dust removal is to handle 2000 CFM of air. 
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primarily an electrostatic phenomena and 
will be discussed in that section. The fact 
that Dynel and Orlon can be produced in 
fibers of 6 to 10 microns and some even 
smaller makes their application to filtra- 
tion as fibrous filters promising if produc- 
tion costs can be reduced. At the present 
time they are approximately $1.25 per 
pound in all various sizes. Recently felted 
material has been made from Dynel and 
Dacron fibers which offer promise in reverse- 
jet or bag filters for better chemical and 
temperature resistance than the wool media 
now widely used. 

Ultra-fine plastic fibers for experimental 
purposes have been produced by textile de- 
velopment laboratories from polystyrene 
and nylon base materials and have been ap- 
plied to plastic filter paper forming also on 
an experimental basis. 

The wide variety of glass fibers in sizes 
and surface treatments has made possible 
their application to deep layer variable 
gradient filters. Such layers in depths up 
to 80 inches of 200 to 1 micron fibers in 
various densities and thicknesses have been 
used for cleaning atomic energy process off- 
gases with excellent results. Based on ex- 
perimental data predicted performance has 
been followed for at least two years as re- 
cently reported by Blasewitz and Judson.® 
This application is for a low loading high 
toxicity aerosol with infrequent access de- 
sired. 

A recent commercial innovation in the 
electrostatic filter field is the Goodyear Plio- 
tron!” filter. Since the filter is composed of 
1, to 3/16 ribbons of polyethylene resin, 
its performance as an impaction filter is sig- 
nificantly less than the Dust-Stop or Amer- 
glas glass fiber types which have glass fibers 
25 microns and larger. Since its perform- 
ance has been claimed as an electrostatic 
filter it will be discussed briefly in that 
group. 


Wet Collectors and Scrubbers 

N THE CONTROL of process wastes it is 

frequently necessary to apply wet collec- 
tion. The outstanding applications are for 
extremely high temperatures (above 400° 
F), chemical contaminants and mixtures of 
gases and particulates. While wet collectors 
have several disadvantages they do handle 
the above problems with excellent results 
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Fig. 6. 
Modified Type N Rotoclone with improved en- 
trainment separators and sludge ejection equip- 
ment. 


in general and many types have been de- 
veloped to increase their performance for 
small particle sizes. 

In the simple inertial contactor unit the 
most recent improvement is the modified 
Type N Rotoclone (American Air Filter 
Company) shown in Fig. 6. This modifica- 
tion has improved entrainment separators 
and heavier sludge ejection equipment. Its 
performance is substantially the same but 
water carry-out and maintenance have been 
reduced. 

In cyclonic scrubbers the most important 
factor has been the application of high 
pressure fog nozzles and recent studies by 
the writer'! have indicated that the simplest 
high pressure fog nozzle operating at pres- 
sures of 400 pounds per square inch can re- 
cover as high as 70% of fine (0.3 ») ferro- 
silicon electric furnace fume at constant 
resistances of only 1 to 2 inches of water. 
Water consumption rates of these nozzles 
are relatively low but require clean or fil- 
tered water to minimize plugging and wear. 

In the scrubber field the Harvard Air 
Cleaning Laboratory has recently developed 
two unique units. Both of these devices can 
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recover mixed  contami- 
nants efficiently. One of 
these described in a recent 
report!? is intended for the 
recovery of fluorides as HF 
gas and particulate fluo- 
rides is a modification of 
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the wet cell washer unit 
shown in Fig. 7. In the fluo- 
ride unit the wet cells have 
been packed with Saran or 
Dynel fibers and the dry 
pad for removal of fine par- 
ticulates utilizes seven mi- 
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COARSE FIBER 
WET CELLS- 

20°x20" CROSS 
SECTION 


21G ZAG DROPLET BLAST GATE 
ELIMINATOR — FOR 
wOZZLES REGULATION 

+ 


\FINAL FINE OUTLET 
FIBER ORY Pad SAMPLING 
20° 20°x 2" ~PORT 


Wet cell unit packed with plastic fibers (Saran or Dynel) for HF 


and particulate fluoride removal. 


ORY FIBER 
OVERFLOW 


20% HF 
PROCESS GAS 


cron Dynel fiber. 

For HF removal 178 pz, 
78 », and 29 micron Saran 
pads in series showed mean 
efficiencies above 99° at 
air flow resistances of three 


70% Acid 


STAGE! 


to five inches of water. The 
water rate for a 20”’x20” Li 
section was 8 gpm and the sae 
air velocity through the pad 

was as high as 216 feet per 
minute. A final fine fiber pad 
was found to be essential to 
remove the fine mist formed 
during scrubbing. Particulate removal was 
also accomplished by the series of filters 
varying in size and followed by a final dry 
pad. On bifluoride mist efficiencies approach- 
ing those for gas could be obtained. Am- 
monium bifluoride fume was removed at 
values approaching 99% with various Dynel 
fiber combinations. 

Aluminum chloride and sulfuric acid mist 
can also be collected at values above 95% if 
ultra-fine fibers (1 ») are incorporated in 
the final pad. 

A unit based on the above principles can 
be designed as shown in Fig. 8 to effectively 
recover HF as a useful acid without elabo- 
rate treatment by using water as the ab- 
sorbing liquid and scrubbing liquor. 

A small unit incorporating the wet cell 
and an all-glass fiber eliminator plus a final 
all-glass filter was designed by Silverman 
and First!*.14 and built for handling per- 
chloric acid in radioactive chemical work in 
laboratories. The device shown in Fig. 9 is 
constructed of stainless steel and will fit 
into a standard radio-chemical hood. This 
unit, known as a “wet box” has been in 
effective operation for six months without 
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Fig. 8. 


Hydrofluoric acid wet cell unit for stage absorption to yield 


70% HF. 


replacement of media until the end of that 
period. Failure of the aluminum separators 
due to alkali attack was the only defect and 
these have been replaced by steel. Efficiency 
of removal of perchloric acid mist and sul- 
furic acid mists ranged from 93 to 98%. 
Since no organic material is involved it 
adequately eliminates explosion and fire 
hazards and protects the final absolute fil- 
ters from chemical attack. 


Electrostatic Air Cleaner Progress 
RECENT developments in the electrostatic 
field have not been numerous in the past 
two years. These devices exhibit the high- 
est performance with minimal resistance of 
all the present types of air cleaning devices. 
Their cost has been such as to limit their 
application to those problems requiring effi- 
ciency independent of cost or to more effec- 
tive precleaning of air for occupied spaces. 
The high voltage field for process wastes 
has not seen any outstanding developments 
recently although two more foreign types 
have been produced by American manufac- 
turers. 
In the low loading field the Harvard Air 
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Fig. 9. 
"Wet box" perchloric acid scrubber for radio- 
chemical laboratory hood use. 


Cleaning Laboratory has been working on 
devices for utilizing electrostatic forces at 
relatively low voltages (10 to 20 Kv.). 
Tests have recently been completed on a 
device known as the Electro-Polar filter 
which uses a fine Fiberglas media (PF 316 
or PF 105) for separation with a Dust-Stop 
prefilter. The Fiberglas media is placed be- 
tween two expanded metal screens and a 
voltage differential of 12 to 15 Kv. is placed 
across the media. Our tests to date have in- 
dicated that electrifying or polarizing the 
media improves its efficiency on atmospheric 
dust and similar aerosols is approximately 
10% absolute; viz., from 85 to 95%. This 
can also be interpreted as a reduction in 
effluent of 15 to 5% or a penetration reduc- 
tion improvement of 300%. The resistance 
of the Fiberglas pad, however, is an impor- 
tant deterent in applying this device wide- 
ly to general air cleaning problems. The 
effort to produce an electrostatic field 
around the fibrous media which without 
charge is a good basic filter at one inch 
pressure loss for 100 (PF 105) to 200 (PF 
316) feet per minute may be questionable. 
Mechanically charged filters under study 
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Fig. 
Two stage mechanically charged electrostatic 
fabric air filter utilizing wool and Orlon media. 


at our laboratory have been of two types. 
One of these is the static type described by 
Rossano and Silverman! in which a bundle 
of plastic fibers is charged and its separa- 
tion efficiency, resistance and life deter- 
mined for inert and charged aerosols. The 
other is the continuously friction charged 
unit developed by Silverman, Conners and 
Anderson!? in which mechanical friction 
charging of fibers at opposite ends of the 
tribo-electric series produces highly charged 
surfaces. Fig. 10 shows a schematic draw- 
ing of the first model of this device. Using 
a variety of combination of fabrics it has 
been possible to generate surface voltages 
approaching 20 Kv. Separation efficiency 
with this device on atmospheric dust by dis- 
coloration tests has indicated efficiencies ap- 
proaching 80%. Further improvements of 
this device are under investigation at the 
present time at the Harvard Air Cleaning 
Laboratory. 

Electrostatic filters of the static type such 
as the resin wool filter developed in Den- 
mark and used as a gas mask filter in World 
War II by the British has also been applied 
to the problem of air cleaning of normal 
atmospheric dust. The results of tests which 
the author has described in a recent publica- 
tion? have indicated that resin wool felt is 
significantly better than ordinary wool felts 
but continued tests indicate that the life of 
the charged resin is quite short on atmos- 
pheric dust removal. 

The most recent development in this cate- 
gory is the so-called electrostatically charged 
filter introduced on the market by the Good- 
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year Tire and Rubber Company. This de- 
vice consists of a frame packed with ran- 
domly placed polyethylene strips of rectan- 
gular cross-section, appreximately 4 to 3/32 
of an inch. It is claimed by the manufacturer 
that this filter is charged by the dust pass- 
ing through it. Our experience with this 
device in the laboratory has indicated that 
its discoloration efficiency is less than 10% 
and is not significantly greater than the or- 
dinary impingement type filter. There was 
no evidence of surface charge on the filter 
fibers when received and no charge increase 
was measured during or after running. For 
the past four years we have been studying 
synthetic resins'® as electrostatic filters on 
which a static charge was placed by me- 
chanical carding. This, we found, produces 
a high initial charge which is effective in 
removing dust but the charge dissipates 
with continued filtration. This then means 
that the charge is dissipated by the atmos- 
pheric dust and ion passage rather than in- 
creased. It is difficult to understand how the 
amount of energy in atmospheric dust at 
relatively low velocities can contribute much 
to mechanical charging of a filter. However, 
further tests of this type of filter is pro- 
gressing. Indications to date are that me- 
chanical charging is beneficial and may de- 
pend on the type of resin and its properties. 
Resin wool felts have been available on the 
American market and used in respirators 
but have not received much attention in 
seneral air cleaning. Most of the synthetic 
tibers are highly charged during their man- 
ufacture and the problem then is to dampen 
or depress this charge. Usual methods of 
electrostatic control or putting a surface 
active agent directly onto the fibers is used 
to minimize the charge. 


Incineration 
[IN THE FIELD of incineration or combustion 
of waste gases, the principal applications 
have been in handling odor problems. The 
most noteworthy development in recent 
years has been the application of catalytic 
combustion to the methods previously em- 
ployed. Catalytic combustion in practice has 
utilized two devices; one which utilizes a 
Berl or ceramic saddle coated with a plati- 
num catalyst; the other, ribbons of plati- 
num or noble metal mounted in the form of 
a filter frame. Both of these devices require 
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temperatures of 500° or more before the 
catalyst will create burning in the gases. 
In some cases, application has been made of 
the amount of heat recovered from such a 
process but it should be borne in mind that 
if such quantities of heat can be developed 
then the quantities of solvent or vapor 
which are being lost are quite high and 
possibly the use of solid adsorbents such as 
activated charcoal could have been con- 
sidered unless the capital investment was 
beyond the reach of the manufacturer. Not 
to be overlooked even though catalytic com- 
bustion can be applied, is the possibility 
of using high temperature combustion 
sources that are already available in many 
instances. In the writer’s recent experience 
the problem of odors from fish meal pro- 
cessing plants indicated that the problem 
could be solved by direct combustion under 
the steam plant fire box if the volume of 
gases being removed from the process was 
kept to a minimum and the richer concen- 
tration of gases were supplied as combus- 
tion air to the boiler plant. Experience has 
shown that each gallon of oil burned per 
hour will handle approximately 50 cubic 
feet per minute of waste gas at standard 
temperatures based on 100% excess air for 
combustion. In applications where this 
method has been applied to eliminate odors, 
the direct combustion method has proved 
effective and previously used scrubbing 
methods with chlorine treated water or 
chlorine dioxide did not provide satisfac- 
tory control. Catalytic combustion has 
promise if the heat to be supplied to bring 
temperatures to 500° F is not excessive and 
if gases involved when burned do not poison 
the catalyst while undergoing conversion. 
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British Occupational Hygiene Conference 


HE THIRD CONFERENCE of the British Occupational Hygiene Society will be held at 
the London School of Hygiene and Tropical Medicine on the 1st of November. The 
Conference will be devoted to a discussion of radiation hazards in industry. The pre- 


liminary program is as follows: 


“The Health of Workers Exposed to Ionizing Radiation” by A. S. MCLEAN, M.B., Ch.B., 
D.L.H., Principal Medical Officer, Department of Atomic Energy, Industrial Group. 

“Radiation Safety in the Industrial Group of the Department of Atomic Energy” by 
D. R. R. FAIR, 0.B.E., B.Sc., A.Inst.P., Head of the Health Physics Division, Department of 
Atomic Energy, Industrial Group, Windscale Works, Sellafield. 

“Protection against X-rays and Gamma-rays in the Industrial Field” by w. BINKs, 
M.S¢c., F.Inst.P., Radiological Protection Service, Ministry of Health and Medical Re- 


search Council. 


“Safety Criteria in Atomic Energy” by F. R. FARMER, B.A., Assistant Director (Pro- 
duction), Atomic Energy Industrial Group Headquarters, Risley. 

The final program and form of application for the Conference may be obtained from 
the Society’s Hon. Secretary, P. C. G. ISAAC, Public Health Engineering Laboratory, 


, King’s College, Newcastle upon Tyne. 
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Dust Concentrations in a Foundry 
—A STUDY IN TEMPORAL VARIATIONS 


HOWARD J. SCOTT, JR., Supervisor, Safety Department 
Goodyear Atomic Corporation, Portsmouth, Ohio 
LESTER M. MERRITT, Industrial Hygiene Engineer 
Division of Safety and Hygiene, Industrial Commission of Ohio 


N USING dust counts to determine dust 

exposure hazards, the question frequent- 
ly arises as to the reliability of one or even 
several samples as a basis for evaluation. 
It is argued that the dust concentrations at 
a given location may vary extensively from 
hour to hour, day to day, or week to week. 
Brandt,! giving credence to this argument, 
suggests that a minimum of three good 
samples be taken on three different days to 
evaluate one exposure. 

In order to investigate the extent of such 
temporal variations in dust concentrations 
under actual field conditions, a six-week 
study was made in a large steel casting 
foundry engaged in the manufacture of 
parts for railroad cars. A specific test lo- 


At the time the data for this paper were collected, MR. 
Scott was a candidate for a Master of Science degree in 
Industrial Engineering at Ohio State University. 

Mr. MERRITT is also a Lecturer in Safety Engineer- 
ing, Department of Industrial Engineering, Ohio State 
University. 


cation was selected in each of nine repre- 
sentative work areas in the foundry. In each 
area, the work performed was of a repeti- 
tive nature, remaining essentially the same 
from day to day and week to week. 

Dust samples were taken in precisely the 
same manner at each of these nine test loca- 
tions once each week for six successive 
weeks. In order to minimize possible effects 
of variations in temperature and humidity 
or changes in work tempo, the sample at 
each location was taken at the same time in 
the morning and on the same day of the 
week throughout the study. A small electric 
motor-driven suction pump was used to pull 
0.1 cubic feet of air per minute through 
midget impingers (described in Bureau of 
Mines Information Circular 7076). All tests 
were for five-minute periods and ventilation 
conditions remained the same throughout 
the six-week study. 

The dust-containing liquids in the im- 


TABLE I. 
TEMPORAL VARIABILITY IN DUST CONCENTRATIONS IN A FOUNDRY 


Test Location and Description of Work Area 


Dust Concentration in Million Particles per Cu. Ft. 


Week of Study 
1 2 3 4 5 


No. 1—Sand Slinger Molding Area: Sand slinger operating 
intermittently 10 to 75 ft. distant. 

No. 2—Molding Gang Area: Two molding machines 12 and 
30 feet distant. 

No. 3—Molding Gang Area: Adjacent equipment not oper- 
ated during study; active operations 125 ft. distant. 

No. 4—Aisleway in Core Room: Core compound mixer 
15 ft. distant. 

No. 5—Coupler Building: Portable grinders and chipping 
hammers adjacent. 

No. 6—Coupler Building: Portable grinders and shot blast 
room adjacent. 

No. 7—Bolster and Frame Building: Shot blast room, 
grinders, chipping hammers adjacent. 

No. 8—Bolster and Frame Building: Swinging grinders 
adjacent. 

No. 9—Port End Repairs Area: Handling of silica bricks 
in repairing port ends. 


6.6 8.0 3.0 9.2 3.4 1.9 5.4 1.9- 9.2 
24.8 7.4 4.5 7.7 27.4 7.4 13.2 4.5-27.4 
11.3 4.2 7.1 4.7 28.3 12.1 11.3 4.2-28.3 

3.1 3.0 3.5 7.0 6.3 5.4 4.7 3.0- 7.0 
7.7 4.3 9.2 8.4 3.8 5.1 6.4 3.8- 9.2 
10.0 16.7 48 15.0 9.6 9.6 11.0 4.8-16.7 

8.6 6.2 5.2 7.2 2.8 2.9 5.5 2.8- 8.6 

8.2 9.9 9.3 5.3 4.2 4.6 6.9 4.2- 9.9 


7.7 5.1 10.2 8.6 14.6 6.4 8.8 5.1-14.6 


6 Average Range 
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pinger flasks were made up to 10 or 20 milli- 
liters (depending on expected dust concen- 
tration) by adding dust-free isopropyl] al- 
cohol. Counting cells, one millimeter deep, 
were then filled from the well-mixed, diluted 
samples and allowed to settle for at least 
20 minutes. Five fields in the cell from each 
sample were counted using the micropro- 
jection method.? Dust concentration in mil- 
lions of particles per cubic foot of air 
sampled was then calculated from the vol- 
ume of air sampled, the average count per 
0.25 cubic millimeter of the diluted liquid, 
and the dilution factor. 

As shown in Table I, large variations in 
dust concentrations occurred at each of the 
nine locations despite the fact that produc- 
tion and ventilation conditions remained 
essentially the same throughout the study. 
The slight variations in temperature and 
barometric pressure that occurred from one 
week to the next during the study were 
carefully recorded but exhibited no correla- 
tion with variations in dust concentrations. 
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These data clearly demonstrate the errors 
that can result if a single sample is used to 
evaluate a dust exposure hazard. For ex- 
ample, an evaluation based solely upon the 
sample collected at Location No. 3 during 
the second week (4.2 million particles per 
cubic foot) would differ considerably from 
an evaluation based solely upon the sample 
collected at the same location during the 
fifth week (28.3 million particles per cubic 
foot). 

It is therefore concluded that one dust 
sample, in the absence of additional evi- 
dence, is inadequate to permit a reliable 
evaluation of a dust exposure hazard. And 
even several samples, if taken within a 
relatively short period of time, should not 
be accepted as conclusive. 
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Industrial Medicine at Southern Cal 


F& SOUTHERN CALIFORNIA doctors, industrial nurses, industrial hygienists, attorneys, 
claims adjusters and interested persons in industry, University of California Exten- 


sion this fall will inaugurate a course in “The Application of the Principles of Indus- 
trial Medicine to Private Practice.” Meeting place for the unusual course will be the 
University Extension center, 813 South Hill Street, in downtown Los Angeles, where a 
fall session will meet on Wednesdays from 7:30 to 9:30, October 13 through December 
8, 1954 and a spring session, from February 2 to March 23, 1955. Applications or re- 
quests for information should be made to Thomas H. Sternberg, M.D., Head of the 
Division of Postgraduate Medical Education, University of California Medical Center, 
Los Angeles 24. Fee for the course is $40 each for the fall and spring sessions. 
Because 90% of industrial medical patients are handled by physicians in private prac- 
tice, the University Extension course is primarily designed to present the theory and 
principles of industrial medicine to private physicians engaged partially or principally 
in this type of practice, points out Dr. Sternberg. It will also give the student who is 
not a specialist comprehensive knowledge of specialized problems. Lecture topics during 
the fall semester will include “Legislative and Legal Factors in Industrial Medicine”; 
“Medical Reporting, the ‘Paper Work’ Involved”; “The Human Relationship Problem 
in Industrial Medicine”; and “The Pre-Employment Examination and Job Placement,” 


Evaluation of Laboratory Fume Hoods 


H. F. SCHULTE, E. C. HYATT, H. S. JORDAN and R. N. MITCHELL 
Industrial Hygiene Group, Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 


N EVALUATION of laboratory fume hoods 

was originally undertaken with the 
aim of obtaining data on the numerous 
types of existing hoods at Los Alamos and 
for developing design specifications for new 
hoods. In no instance in the field of hood 
application is the designer asked to recon- 
cile as many contradictory requirements as 
in the design of laboratory fume hoods. 
For this reason, there are many custom- 
built hoods offered for sale and fume hoods 
appear to serve as favored subjects for ad- 
vertising copy. The word “fume” in this 
paper is meant to include vapors, gases, 
smokes, mists and other airborne materials. 


Design Data and Test Methods 
A SURVEY of the literature showed that the 
only design criterion specified in vari- 
ous handbooks was that of face velocity and 
the recommended value of this varied from 
50 to 150 feet per minute.!:?3> Even the 
manual on industrial ventilation of the 
American Conference of Governmental In- 
dustrial Hygienists which has become a 
standard reference work contains little but 
contradictory information on this equip- 
ment.! Stockdale and Turner studied sev- 
eral hood types by means of smoke tests 
and developed a hood which they state op- 
erates satisfactorily at 50 feet per minute 
face velocity.4:> Others also have used com- 
binations of smoke and face velocity 
tests.°.6.7,3 An inquiry addressed to hood 
manufacturers regarding their methods of 
testing yielded absolutely no information. 


Proposed Method of Testing 


HE PRINCIPAL criterion of hood perform- 
ance is the effectiveness with which 
fumes are captured, retained and exhausted 


This document is based on work performed at the Los 
Alamos Scientific Laboratory under the auspices of the 
Atomic Energy Commission. 


under normal conditions of use. Normal use 
in this sense would include average room 
air currents, activity of personnel in front 
of and partially inside the hood, and the 
generation of fumes in almost any part of 
the hood. The desirable air pattern for a 
hood, therefore, is one with a stable, con- 
tinuous flow of air from the face to the ex- 
haust slots. Any feature which causes the 
air to become unstable and change direc- 
tion would be undesirable. 

Smoke for the study of flow patterns was 
generated by means of five-minute smoke 
candles and also by means of the unit shown 
in Fig. 1 which purns a mixture of sawdust 
and motor oil. An attempt was made to de- 
velop an odor test to give quantitative re- 
sults but this was unsuccessful. The test 
procedure used was to observe the flow pat- 
terns revealed by smoke generated in vari- 
ous parts of the hood under varying oper- 
ating conditions. These conditions included 
different face velocities, cross draft velo- 
cities, thermal leadings, slot openings, en- 
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Fig. 2. 
Effect of cross draft velocity in excess of 
the face velocity. 


trance shapes and others where such fac- 
tors could be varied on specific hoods. 


Results 

Cross Currents and Face Velocities— 
Studies indicated that cross currents and 
other 1andom air movements are a major 
factor affecting the stability of the air 
flow within the hood. It was found that 
whenever the velocity of the cross currents 
equals or exceeds the face velocity, serious 
disturbances of the hood air flow pattern 
results. The degree of this disturbance is 
practically independent of hood design. To 
insure proper performance of a hood under 
conditions of normal use, the face velocity 
thus must exceed the expected cross draft 
velocity, which means a design face velocity 
of at least 100 feet per minute. This is 
based on actual measurements of cross 
drafts and air movements produced by op- 
erating personnel. Velocities less than this 
value do not provide adequate control under 
normal conditions of use. Conservation of 
heated or cooled air at the expense of an 
adequate control velocity simply is not 
justified. In this investigation, controlled 
cross drafts were induced with a variable 
speed fan and were measured parallel to the 
face of the hood with a velometer. The effect 
of cross draft velocity in excess of face 
velocity is illustrated in Fig. 2. 
It is this detrimental effect of cross drafts 
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which nullifies attempts to provide an in- 
dependent source of unconditioned or un- 
tempered air to a hood. Tests were made on 
one hood where air was brought in along 
the sides and top of the hood face to sup- 
ply about one half of the total amount of air 
exhausted by the hood. Smoke tests on this 
hood are shown in Fig. 3. Correspondence 
with other engineers and observations made 
in other laboratories have convinced us that 
the independent air supply is not a solution 
to the problem of saving heated or cooled 
air. 

Location of Hood in Room—Careful con- 
sideration should be given to the location of 
the hood in the laboratory, although here 
many compromises have to be made. It is 
desirable to minimize the effects of thermal 
air currents from heating units and cur- 
rents from doors, windows and supplied air 
inlets. A perforated ceiling as a supplied 
air source to a room was found to be almost 
ideal in its noninterference with hood op- 
erations.59 

Tests on one recessed radiator showed air 
currents with velccities as high as 100 feet 
per minute which would seriously interfere 
with the hood operation. Also, heat from a 
radiator located near a hood is largely 
wasted through the hood exhaust. Since 
most hoods will be used for operations that 
potentia'ly may result in a fire or explosion, 
the hood should be located so that the exit 
from the laboratery will not be blocked in 
case of such an accident in the hood. 

Thermal Loading—It has been reported 


Fig. 3. 
Smoke test on hood having untempered air 
supplied through grills on side and top of hood 
face. 
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that heavy thermal loads inside a hood cause 
large variations in hood performance.!®1!4 
To test this, a hood with a work surface 
2’x3’, a face area 214’x3’ and an average 
face velocity of 80 feet per minute was 
equipped with three 1200 W hot plates and 
four Meeker burners. With only the hot 
plates in use, the air temperature in the 
upper part of the hood was 8° C. above room 
temperature and there was no effect on flow 
pattern or face velocity distribution. There 
was no leakage of smoke from the upper 
part of the hood. With the four Meeker 
burners operating as well as the hot plates, 
the upper air temperature reached 38° C. 
above room temperature. Again, there was 
no adverse effect on flow pattern or face 
velocity. This is illustrated in Fig. 4. How- 
ever, there was an appreciable leakage of 
smoke around a poorly fitted by-pass damp- 
er in the upper part of the front of the 
hood. This is due to the thermal head cre- 
ated by the difference in density between 
the heated air inside the hood and the air 
outside. This thermal head is larger than 
the small static suction required to pull air 
into the hood. 

Repeating these same tests at a face ve- 
locity of 50 feet per minute, again, showed 
no effect of heat on the face velocity but an 
unfavorable effect on the air flow pattern. 
The leakage of smoke was considerably in- 
creased and some even leaked out of the 
upper part of the hood face. Obviously, this 
is an extremely heavy thermal loading and 
is much more severe than is likely to be 
encountered in actual practice. In the test 


Fig. 4. 
Smoke test showing lack of effect of high 
thermal loading on air flow pattern. 
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Fig. 5. 
Air currents moving toward the hood face along 
the side walls and bottom of a hood with corner 
posts and depressed base. 


procedure, all hoods were tested with a 
thermal loading of one Meeker burner per 
foot of hood length and in no case was there 
a serious disturbance of the air flow pattern. 

Entrance Shapes—The study revealed 
that any plane surface intersecting the air 
stream would cause serious disturbance of 
the air flow pattern within the hood and, in 
many cases, cause air to flow toward the 
face of the hood. If such a disturbing sur- 
face is at or near the hood face these air 
currents may be quite serious. For this rea- 
son, hoods without corner posts, center 
posts or excessively depressed bottoms were 
found to give the best pattern of air flow. 
Hoods that have such obstructions have 
currents of air moving along the side walls 
and bottom toward the face of the hood as 
illustrated in Fig. 5. Fumes captured in 
these currents will move toward the face 
and be recaptured by the main air stream 
only at the very edge of the hood opening. 
Under these conditions, the slightest ex- 
ternal disturbance by cross drafts will ac- 
tually aspirate such fumes out into the lab- 
oratory. 

The inside of the front of the hood above 
the opening is another surface that will 
cause air to move toward the face. Fumes 
captured in this air flow will run down this 
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Fig. 6. 
Smoke moving down the inside surface of the 
hood and being recaptured at the face opening. 


surface and form a sag of variable depth 
before being recaptured by the incoming 
air again, at the face of the hood. This is 
illustrated in Fig. 6. Tests on one hood in- 
dicated that an air foil along the top of the 
hood opening or streamlining the top of the 
hood had no practical value in improving 
this condition, at least within the limits im- 
posed by the operations carried on inside the 
hood. Sinks were found to create unfavor- 
able air patterns and it is felt that the front 
side of any sink should be a minimum of six 
inches back from the face of the hood. 
Hoods, therefore, should have a smooth 
and as continuous a surface as _ possible. 
Air foils along the side and bottom of the 
hood entrance improve the air flow some- 
what by eliminating the vena contracta. 
With face velocities of 80 to 100 feet per 
minute, an ordinary unobstructed entrance 
will create a vena contracta about six inches 
inside the hood face and extending to with- 
in one inch of the side walls. This will cause 
a slight disturbance to any fumes generated 
right at the edge of the hood and this condi- 
tion could be corrected by air foils. It is 
doubtful, however, that the installation of 
air foils could be justified if the cost was 
appreciably in excess of that required for 
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A. PLAN VIEW OF HOOD 
WITH CORNER POSTS 


8B. PLAN VIEW OF HOOD 
WITH PLAIN ENTRANCE 
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D. PROFILE OF HOOD SHOWING 
RUNDOWN, SAG AND DEPRESSED 
BASE 


Fig. 7. 
Air flow patterns in hood. 
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C. PLAN VIEW OF HOOD 
WITH AIRFOIL ENTRANCE 


an ordinary unobstructed entrance. Fig. 7 
illustrates the air flow pattern in these vari- 
ous hood types. 

Doors and By-Passes—The matter of 
doors on a laboratory fume hood is largely 
one of personal preference. There is no 
doubt that they represent a convenient 
safety shield that may be put into place 
quickly. However, as far as the action of the 
hood itself is concerned, it is doubtful 
whether doors aid in any manner. It is felt 
that hoods equipped with doors also should 
be equipped with some sort of by-pass to 
minimize fluctuations in the face velocity 
of the hood and in the amount of air sup- 
plied to the laboratory. Our tests verify the 
generally accepted fact that velocities in ex- 
cess of 300 feet per minute will seriously 
disturb flames and powders in the hood. 
By-passes must be carefully designed and 
constructed. The type of by-pass actuated 
by means of a mechanical linkage has prov- 
en superior to gravity-operated or electron- 
ically controlled by-passes. The gravity-type 
by-pass similar to a furnace draft damper 
has the disadvantage of not forming a 
fume-tight seal in the top of the hood and 
does not give completely satisfactory con- 
trol over the face velocity. The differential 
pressure produced by the low rate of air 
flow into the hoed is not sufficient to make 
the by-pass a positive acting one. Extreme 
precision is needed in the mounting and 
bearing assembly of such a by-pass if it is 
to function satisfactorily. A system of hoods 
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each equipped with an electronically con- 
trolled by-pass was included in this study. 
The operation of the electronic controls was 
highly unstable and the mechanism tended 
to “hunt” continuously. It became necessary 
to disconnect all controls and servo motors 
and lock the control damper in a fixed posi- 
tion. 

Slots and Plenums—An ideal laboratory 
fume hood would be exhausted through the 
entire back of the hood and then directly 
outside. Normally, however, the space behind 
the hood is limited and the exhausted air 
must be carried by ducts upward or down- 
ward from the hood. Thus, it is common 
practice to exhaust through slots in the rear 
usually located at the top and bottom of the 
rear wall of the hood. The slots may have in- 
dividual ducts or may be open into a plenum 
behind the hood. The relative amounts of air 
flowing through each of the two slots are 
usually made adiustable to provide for an 
even distribution of face velocity. This may 
be done either by making the slot width ad- 
justable or by dampers in individual ducts 
leading to each slot. The former method is 
least desirable since the adjustment is read- 
ily and frequently made by the user who 
has no air flow instruments to check on the 
adjustment. As a result, such hoods are 
usually found out of balance. Also, in many 


Fig. 8. 
Los Alamos Hood A. 
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cases, the depth of the plenum behind the 
hood may be smaller than the slot width 
and, hence, little is accomplished by small 
adjustments of the slot width. The most 
satisfactory arrangement appears to be a 
separate duct of proper design for each slot 
with a control damper in each duct. 

Location of Blowers—Normally, a hood 
will be utilized to control a toxic or irritant 
substance and, therefore, it will be unde- 
sirable for such a substance to escape from 
a hood or from a conveying duct before 
reaching the discharge point outside the 
building. Hoods should have the blower 
located at the discharge end in order to 
maintain a negative pressure in the con- 
veying ducts.!2 Generally, this is not a prob- 
lem when hoods are connected together in 
an exhaust system. Unfortunately, it seems 
to be a prevailing practice to install indi- 
vidual blowers in a housing immediately 
above the hood proper. 

Exhaust Ducts—Experience at Los Ala- 
mos would seem to indicate that down draft 
hoods with ducts underneath the floor give 
little trouble from condensation. It is also 
an easier task to maintain washdown sprays 
in such ducts. Hoods connected to over- 
head ducts have given trouble due to con- 
densation and scale particles falling back 
into the hood. Therefore, if hoods are to be 


Fig. 9. 
Los Alamos Hood B. 
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Fig. 10. 
Los Alamos Hood C. 

connected to overhead ducts, the location 
and design of the top slot should insure that 
dropping particles or droplets will not fall 
onto the work surfaces of the hood. While 
the matter of individual hood filters and 
washdown sprays behind the hoods was not 
investigated in this study, the need for such 
equipment should be considered carefully 
when the system is being designed.!*.14 

Utility Connections—The number and 
variety of utility outlets within the hoods 
apparently are increasing. The latest Los 
Alamos hood has a total of 20 outlets for 12 
different services. The placement of this 
number of outlets may create an obstruc- 
tion sufficient to disrupt the flow pattern. 
This is especially true if the outlets are 
placed on the side wall close to the hood 
face. The mounting of utility connections 
should be such as to insure ease of access 
for repair and maintenance.?:5 


Characteristics of Specific Hoods 
OOD MANUFACTURERS have designed and 
installed many more types of hoods than 
can be described in this paper. Therefore, 
this review will be limited to a number of 
hood types installed at Los Alamos which 
illustrate specific hood features. 
Los Alamos Hood A (Fig. 8)—This par- 
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Fig. II. 
Los Alamos Hood D. 


ticular hood is characterized by a sharp 
edged entrance and a mechanically linked 
by-pass which exhausts air near the floor. 
In actual use, these hoods have an average 
face velocity of 125 to 150 feet per minute. 
In spite of this high face velocity, the sharp 
edged entrance visible in the above figure 
causes back flow and cross drafts will often 
pull material out from the face of the hood. 
There is an air flow adjacent to the front 
half of the side walls and inside the corner 
post with a velocity of 100 feet per minute 
toward the hood face. 

Los Alamos Hood B (Fig. 9)—This hood 
is characterized by streamlined entrances 
and is commercially advertised as the Oak 
Ridge type hood. This hood is very satisfac- 
tory under normal operating conditions as 
long as an average face velocity of 190 feet 
per minute is maintained. 

Los Alamos Hood C (Fig. 10)—This hood 
has a blower located above the hood and 
has a by-pass damper actuated mechanical- 
ly by the door. It also has a lower slot raised 
six inches above the hood base. Tests on 
this hood demonstrated the adverse effect 
of corner posts and the fact that the ordi- 
nary unobstructed base was comparable in 
effectiveness to a base equipped with an air 
foil. 
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Los Alamos Hood D (Fig. 11)—This hood 
is one installed in our own laboratories. It 
is characterized by streamlined entrances 
and individual ducts with dampers for both 
top and bottom slots. It has a gravity-type 
by-pass at the top of the front of the hood. 
This hood operates at an average face ve- 
locity of 100 feet per minute and has given 
very satisfactory performance under nor- 
mal operating conditions. The by-pass does 
not operate quite as well as anticipated and 
smoke will escape through the by-pass under 
heavy thermal loading. 

Los Alamos Hood E (Fig. 12)—This hood 
has a streamlined entrance, no doors and is 
twelve feet long. This hood was specifically 
designed for the digestion of urine samples 
with nitric acid and operates satisfactorily 
for this purpose. 

Los Alamos Hood F (Fig. 13)—This hood 
is included by rcason of the fact that it is 
one of the most common types found in in- 
dustry and universities throughout the 
country. It has no by-pass and showed the 
same adverse effects of corner posts. How- 
ever, at an average face velocity of 100 feet 
per minute, it gives satisfactory perform- 
ance. 

Los Alamos Hood G (Fig. 14)—This hood 
has a nearly plain entrance and was origin- 


Fig. 12. 
Los Alamos Hood E. 
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Fig. 13. 
Los Alamos Hood F. 

ally installed with an electronically con- 
trolled by-pass. The control for this by-pass 
consisted of a balanced hot wire located in 
a small opening on the side of the hood, the 
air flow through this opening increasing as 
the hood door was pulled down. As previous- 
ly mentioned, this control was unstable and 
was finally disconnected and the control 
damper locked ir position. The hood oper- 
ates satisfactorily under normal conditions 
with the doors open. 


Conclusions 
1 AN AVERAGE face velocity of 100 feet per 

* minute and a minimum velocity of 80 
feet per minute at any point on the hood 
face is necessary for hoods handling sub- 
stances of moderate toxicity. 

2. The hood should be located in the lab- 
oratory at such a point as to minimize haz- 
ards to personnel in the event of fires or ex- 
plosions and in so far as possible should be 
away from the cross drafts, high velocity 
supplied air inlets and other sources of air 
disturbance. 

3. Normal heat loadings will not adverse- 
ly effect the perfcermance of a hood with an 
average face velocity of 100 feet per minute. 
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Fig. 14. 
Los Alamos Hood G. 


Hoods with very high heat loads should have 
the major portion of the air exhausted 
through the top slot. 

4. The hood entrance should be kept free 
of obstructions and irregularities such as 
corner posts, sinks and excessively de- 
pressed bases. A slight improvement in the 
air pattern is obtained by use of air foils. 

5. A hood door does not contribute to the 
performance of a hood but may be desirable 
for protection in case of a spill or an ex- 
plosion. When doors are used, a mechanical- 
ly operated by-pass of proper design is de- 
sirable to keep the face velocity below 300 
feet per minute when the sash is closed to 
a six inch opening and to provide a con- 
stant room exhaust rate. 

6. Provision should be made for adjust- 
ment of the relative quantities of air drawn 
through the top and bottom slots. This ad- 
justment is best done by means of dampers 
located outside the hood and not readily 
accessible to the user. 

7. Hood blowers should be located at the 
discharge end of the exhaust system to 
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maintain a negative pressure in the con- 
veying duct. 

8. Utility connections for hoods should be 
installed in such a manner to insure maxi- 
mum access for repair and maintenance and 
minimum interference with air flow near 
the face of the hood. 

9. Conservation of heated or conditioned 
air can only be obtained by minimizing the 
size of the hood opening rather than at- 
tempting to introduce unheated air at the 
hood face or reducing the face velocity. 
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Toxicological Data—Sources of 


Information and Future Needs 


HENRY F. SMYTH, JR., Ph.D., Mellon Institute, Pittsburgh 


HE SIMPLEST statement about toxicology 
is that a poison is too much. Any sub- 
stance is injurious when the intake exceeds 
some particular amount. Any substance can 
be tolerated in some particular daily intake, 
with the possible exception of beryllium, the 
action of which is not yet fully understood. 
It is helpful to have definite quantities 
to think about. The generally accepted tol- 
erable amounts of some air-borne materials 
can be expressed in terms of the total 
weight having no effect when inhaled during 
an eight-hour period every day, by using 
the rough figure of ten cubic meters as the 
volume of air inhaled in a working day. A 
few values will be illustrative.! 
Soluble uranium 0.5 mg. 
Mercury, cadmium, parathion 1.0 mg. 


Lead 1.5 mg. 
Arsenic 5 mg. 
Fluoride 25 mg. 
Nitrobenzene 50 mg. 
Carbon disulfide 620 mg. 
Benzene 1100 meg. 
Carbon tetrachloride 1560 mg. 
Acetone 2400 mg 


One-half hour of breathing 22,000 PPM 
of carbon tetrachloride will produce deep 
narcosis with a possible fatal outcome.? 
This datum of concentration and time repre- 
sents 87 gm. or about two fluid ounces of the 
solvent in the inhaled air. The 1560 milli- 
grams of carbon tetrachloride which is listed 
above as tolerable for daily inhalation totals 
375 gm. in a year, over a pint. It represents 
200,000,000 molecules for every body cell 
every working day.* 

One and one-half milligrams of lead a 
day in the inhaled air can be tolerated, as 
can 1% gm. of carbon tetrachloride. Thus it 
may be said that lead is 1000 times as toxic 
as carbon tetrachloride. But it would be 
misleading to say that lead in an industrial 
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operation is 1000 times as dangerous as 
carbon tetrachloride. Lead compounds are 
dense solids and carbon tetrachloride is a 
volatile fluid. Obviously when the two are 
handled in the same way organic vapors in 
the air will be more likely than lead dust in 
the air. This crude example emphasizes the 
fact that knowledge of the toxicity of a ma- 
terial is not sufficient to protect workmen. 
We must know also the hazards of the 
working methods. For clear thinking about 
industrial hygiene it is important to distin- 
guish between the toxicity of a material and 
the hazards of an operation with the materi- 
al. Hazard involves physical properties as 
well as such factors as amount handled, sur- 
face exposed, temperature and frequency of 
exposure. In many situations toxicity is a 
less important contributor to danger than 
are the working methods. 

The industrial hygienist feels insecure 
when a plant which concerns him is using 
a chemical until he has an authoritative 
statement of a value known variously as the 
hygenic standard of inhalation, the thres- 
hold limit and the maximum allowable con- 
centration. When he has obtained such a 
statement his insecurity tends to approach 
zero. For several reasons this knowledge of 
the quantitative toxicity of a chemical is 
only part of the information which is re- 
quired to use the material safely. 

The standard assumes a uniform unvary- 
ing concentration throughout the day. In- 
dustrial operations almost always create 
widely varying concentrations with peaks 
well above the average. With some materials 
the effect of peaks throughout the day is 
the same as the effect of the time-weighted 
average concentration. With others the ef- 
fect of peaks is greater than the amount 
they contribute to the day’s average. With 
still others, symptoms of irritation are evi- 
dent from any briefest concentration above 
the standard. Tables of standards contain 
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no reference to such differences between 
the actions of different chemicals, and in- 
deed for many chemicals the behavior in 
this respect is not understood. 

Reliance on a hygienic standard alone for 
protection of health requires one of three 
situations, none of which are frequently 
encountered. Concentrations must not vary 
from day to day in order that occasional 
analyses may give assurance that the stand- 
ard is never exceeded, or recording instru- 
ments with alarm or automatic control fea- 
tures must continuously sample all work- 
ing points, or an industrial hygiene team 
must be functioning in the area during all 
working hours. 

Furthermore, a standard assumes that 
workmen are equally sensitive and that 
their sensitivity does not vary from time 
to time with changes in their general health. 
Neither assumption is true. Without some 
means to detect the particularly suscepti- 
ble man we must either tolerate his develop- 
ment of serious injury in a concentration 
which does not affect his fellows, or we must 
keep concentrations so low that no individ- 
ual, no matter how sensitive, can possibly 
be affected. The first alternative is outra- 
geous and the second unduly restricts work- 
ing methods and would require uncalled for 
expenditure for protective equipment. 

When knowledge of toxicology is sufficient 
we will have a clear picture of the subjec- 
tive symptoms and objective signs to be 
expected from excessive exposure to a chem- 
ical long before irrevocable injury is done. 
When these facts of qualitative toxicology 
are available we can overcome the defi- 
ciencies of quantitative toxicology outlined 
above. We have assurance that no perma- 
nent injury can occur from unanticipated 
variations in concentration of air-borne ma- 
terial, from undetected high sensitivity in a 
particular individual or from possible error 
in setting the quantitative hygienic stand- 
ard. 

To be fully effective to the industrial hy- 
giene team, including the responsible physi- 
cian, toxicological data on a chemical should 
include answers to the following questions: 

1. What uniform concentration is tolera- 
ble eight hours a day for a working life 
time? 

2. What correction in the average must 
be made for brief peak concentrations? 
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3. What single brief exposure to a high 
concentration is tolerable each day when 
there is no exposure the rest of the day? 

4. What biological test upon the work- 
man can measure his actual intake of the 
chemical at his job? 

5. What are the earliest symptoms and 
objective signs of excessive exposure, and 
how severe can they become before re- 
moval from exposure fails to prevent per- 
manent injury? 

6. What is the best treatment for the 
effects of excessive single exposure or ex- 
cessive repeated exposure? 

The industrial hygienist himself requires 
information upon the first three points, but 
it is necessary for his complete functioning 
that his medical colleague have information 
upon the last three points. It is probable 
that the six points listed cannot be com- 
pletely and satisfactorily answered for any 
industrial material although fairly complete 
answers are available for many. 

The most dependable American source for 
opinions upon the long-time intake of famil- 
iar air-borne chemicals is the annually re- 
vised list of threshold limits by the Ameri- 
can Conference of Governmental Industrial 
Hygienists released each April and now 
published in a Fall issue of the A.M.A. 
Archives of Industrial Hygiene and Occupa- 
tional Medicine.t The values well- 
considered and they usually represent the 
consensus of several years widespread ex- 
perience with each material. Unfortunately, 
since the publication of Cook’s article in 
1945,* no one has pointed out the scientific 
basis for each tabulated value to allow as- 
sessment of its relative validity. Some are 
simply extrapolations from animal experi- 
ment which are subject to correction as ex- 
perience accumulates and others are based 
on many published reports of human experi- 
ence. Specifically two values from my own 
animal work, those for isophorone and 
mesityl oxide, have remained unchanged 
since the first entry, based solely on my 1942 
publication.* It would be well if some way 
could be found to indicate the basis and 
the relative validity of each of the values 
tabulated. 

For newer and less widely used materials 
there is no one place to look for hygienic 
standards. One must search the literature, 
which is best done through Chemical Ab- 
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stracts, and one must make tentative esti- 
mates from any information found, guided 
somewhat by structural analogies with bet- 
ter known chemica's. Usually the manufac- 
turer of a new chemical will be able to fur- 
nish some basis for tentative estimates and 
hence such direct inquiry is a sound move. 

The most valuable current literature and 
current abstracts are contained in the 
A.M.A. Archives of Industrial Hygiene and 
Occupational Medicine. 

The most convenient source for concen- 
trations tolerable for brief periods is Hend- 
erson and Haggard’s “Noxious Gases.’ 
Many of the data here go back to animal ex- 
periments in Germany during the first 
quarter of the century but are still sound. 

Searches for the qualitative data needed 
by the physician should be left to those 
thoroughly familiar with the literature of 
the medical sciences. The most useful single 
reference book is Von Oettingen’s ‘“Poison- 
ing,’ but it leaves something to be desired 
in its coverage of industrial materials. 

Several organizations publish leaflets on 
single chemicals, each summarizing what is 
known about the toxicology and safe hand- 
ling of materials. All are quite limited in 
number of materials covered and are brief, 
but some list literature references for more 
details. Among these organizations are the 
Manufacturing Chemists’ Association® and 
the American Petroleum Institute.® 

A few groups have attempted to set them- 
selves up as clearinghouses for unpublished 
toxicological results of interest to the indus- 
trial hygienist but various factors have pre- 
vented useful coverage of the field. 

Experimental toxicological study is now 
the general practice of makers of chemicals. 
More and more new chemicals are studied 
by screening methods before any amount 
is sold. Since 19441° the term “range- 
finding” is receiving acceptance to describe 
this preliminary screening. As it becomes 
certain that a chemical will be a regular 
item of commerce more advanced work is 
performed. The studies of Irish and his 
group on chlorinated hydrocarbons!! may 
be considered a pattern for advanced work. 

Despite an infinite amount of animal 
work upon a new chemical the tolerable hu- 
man intake will remain only tentatively de- 
fined until human observations have been 
made. 
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A pressing need is for the publication of 
workroom analyses and clinical examination 
of the workmen in order to validate more 
fully or to correct the commonly used hy- 
gienic standards for inhalation. At present 
most detected human injuries are likely to 
be reported in the literature but instances 
where no injury results are not published. 
It is understandable that authors hesitate 
to write, and editors hesitate to accept, arti- 
cles which simply reassure. The sensational 
is more attractive, but we badly need more 
studies like that of Sterner et al.!2 on butyl 
alcohol where air concentrations were fol- 
lowed for 10 years and clinical studies of 
the workmen involved showed no injuries. 
We are neglecting our duty if we do not 
collect and publish such data. Toxicologists 
properly discharge their duty to use animals 
to establish probable safety before human 
use begins, but after a material is an article 
of commerce we rely too much on rare acci- 
dents to authenticate or to correct the ani- 
mal predictions. Many files are loaded with 
pertinent data. How can it be dragged out 
and published? 
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Preparing Dust Samples for Microscopic 
Examination—Notes on a New Method 
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HEN SAMPLES of airborne dust are col- 

lected for the purpose of counting or 
sizing, one of two general approaches is 
customarily followed. In one instance, the 
dust from a relatively small volume of air 
is deposited by one means or another direct- 
ly upon a slide which may then be subjected 
to direct microscopic examination. This gen- 
eral principle is the one employed in the 
use of such instruments as the thermal pre- 
cipitator, cascade impactor, and konimeter. 
Each of the instruments using this princi- 
ple has certain virtues and defects. How- 
ever, they all have in common one disad- 
vantage: the total number of particles col- 
lected must be limited so that there will not 
be an excessively heavy deposition. If this 
occurs, the number becomes too great to 
count; and in the event that the particles 
pile up, it may not be practicable even to 
determine size accurately. Consequently, 
the volume of air which may be sampled 
normally must be limited to a few cubic 
centimeters or liters. 

Where it is desired to sample larger vol- 
umes of air, the second approach is em- 
ployed. In this case, sampling is carried 
out for a suitable period, and the dust is 
trapped in some type of collector such as 
an impinger, filter, or electrostatic precipi- 
tator. The dust is then suspended in a defi- 
nite volume of liquid and an aliquot ex- 
amined under the microscope. 

While this approach permits the sampling 
of any desired volume of air, there are ad- 
mittedly certain defects encountered in 
counting dust suspended in a liquid. Solu- 
tion of even such relatively insoluble ma- 
terials as silica may have an influence on 
the results. The length of settling time is 
definitely important, and inconsistent re- 


sults may occur due to differences in parti- 
cle size or density of materials involved. 

Recognizing the drawbacks to the various 
techniques and procedures which have been 
in common use for many years, the Engi- 
neering Section of the Division of Occupa- 
tional Health has for some time been sub- 
jecting these various methods to a very 
critical review and appraisal to determine 
whether they are satisfactory for present- 
day needs, and, if possible, to develop new 
or improved procedures which more nearly 
meet the desired specifications. 

In considering the first of the two general 
approaches which have been mentioned, it 
is readily apparent that when the dust is 
collected in this fashion, the sample may be 
retained indefinitely providing a permanent 
record which may be re-examined when de- 
sired. Samples examined in a liquid suspen- 
sion, on the other hand, cannot be kept in 
this way. If some satisfactory method could 
be found whereby the aliquot for micro- 
scopic examination could be put into a fixed 
form, that is, mounted dry, it would enable 
us to combine some of the more desirable 
features of the two general principles which 
have been outlined above. To accomplish this, 
however, presents some difficulties. If a drop 
of liquid containing a dust suspension is al- 
lowed to evaporate to dryness, the dust 
which had been suspended is not deposited 
uniformly but is concentrated, usually in a 
series of concentric rings. The problem, 
therefore, is how to obtain instantaneous 
evaporation of-the liquid from a uniform 
suspension of dust so that the particles are 
“frozen” in their original random positions. 
Several attempts to solve this problem 
proved unsuccessful. 

One of the newest and most promising in- 


Industrial Hygiene Quarterly 


struments for dust sampling is the mole- 
cular, membrane, or Millipore* filter. Many 
industrial hygiene laboratories have been 
studying its potentialities, and its possible 
use for dust sampling has been described by 
First and Silverman.! This filter possesses 
several quite desirable features. It may be 
used with a simple holder. It samples at 
very high efficiency over a wide range of air 
flows, and the samples may be examined di- 
rectly with the microscope. If a drop of im- 
mersion oil of the proper refractive index 
is employed, the filter becomes transparent 
under the microscope, leaving only the dust 
particles visible. 

If samples collected with the molecular 
filter are to be subjected to direct micro- 
scopic examination, the usual limitation on 
the total number of particles which can be 
collected still applies. While no exact limit 
can be set, simple computations will show 
that in any fairly dusty situation the total 
volume of air which can be sampled prob- 
ably must be limited to something less than 
one liter. 

However, as Silverman and First point 
out, if the number of particles collected is 
too great for direct count, the filter may be 
dissolved in a suitable solvent, such as ace- 
tone, and an aliquot of the suspension of 
dust examined, using the technique normal- 
ly employed for impinger samples. This adds 
greatly to the utility of the molecular fil- 
ter for dust sampling purposes. 

The technique of direct microscopic ex- 
amination of molecular filter samples is 
much simpler and more satisfactory than 
the examination of the dissolved material. 
In view of this and recalling the earlier at- 
tempts to produce satisfactory dry mounts 
of impinger samples, we wondered if it 
might be possible to take an aliquot of a 
dissolved molecular filter sample and recon- 
vert it into a dry form. Allowing a drop of 
the dissolved material to evaporate on a 
slide resulted in the concentration of the 
suspended dust into the usual series of con- 
centric rings. The thought occurred, how- 
ever, that the reconversion to solid form 
might be speeded up considerably by a sud- 
den increase in the concentration of the cel- 
lulose ester of which the molecular filter is 
made. This was accomplished by bringing 
the drop of dissolved filter in contact with 
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another piece of clean molecular filter. The 
result was quite surprising. The filter ab- 
sorbed the liquid with extreme rapidity and 
the dust did “freeze” in a random disperse 
pattern on the filter. At the point where 
this reaction took place, the character of 
the filter was radically changed. It became 
entirely colorless and transparent and 
tough, like Cellophane,® in contrast to its 
original form, which is white, opaque, and 
brittle. The spot at which the reaction oc- 
curred could be examined directly with the 
microscope without the use of any immer- 
sion oil. If the reaction is performeG on a 
slide, the tough transparent film which is 
formed is firmly attached to the slide. The 
net results in some respects, therefore, were 
better than had been either hoped for or 
anticipated. If a satisfactory technique 
could be developed, large volumes of air 
could be sampled, the filter dissolved, and 
a suitable portion then mounted on a slide 
in a dry, permanent form ready for direct 
microscopic examination. 

Perhaps the principal problem associated 
with this proposed procedure is the neces- 
sity of using a small volume of the liquid 
suspension and “reprecipitating” the mate- 
rial in a relatively small measurable area. 

(The term “reprecipitating” is employed 
here in a qualified way as we are not certain 
yet exactly what the nature of the reaction 
is when the solution of filter is brought into 
contact with an additional portion of dry 
filter. Our first assumption was that the in- 
volved area of filter dissolved and then im- 
mediately reprecipitated. It has been ob- 
served, however, that if a piece of molecular 
filter is dropped into acetone and not agi- 
tated, the filter immediately becomes trans- 
parent but retains its shape and does not 
dissolve for an appreciable period, a gel ap- 
parently being formed.) 

The small liquid volume is necessary in 
order that the number of particles and the 
area to be examined may be suitable; fur- 
thermore, if too much of the liquid is con- 
centrated on the filter, a hole is produced. 
Preliminary experiments indicated that the 
largest practicable volume of liquid was 
probably somewhat less than 0.1 ml. Because 
of the necessity of using such a small ali- 
quot, it is recognized that a considerable 
error in the final results may be introduced 
unless that volume can be measured with 


ti- 
Us 
en 
i- 
b- 
ry 
ne 
it- 
ew 
ly 
ral 
it 
is 
be 
nt 
le- 
n- 
in 
Id 
ed 
ole 
ch 
is, 
op 
al- 
st 
ed 
a 
m, 
us 
m 
re 
8. 
2m 
n- 


208 


accuracy. This would probably require the 
use of a suitable micropipette or syringe 
and considerable care in technique. Follow- 
ing the trial of several devices which were 
relatively unsatisfactory, we came across 
the 0.01 ml. syringe used for bacterial count 
determination by direct microscopic method 
as described in “Standard Methods for Ex- 
amination of Dairy Products” issued by the 
American Public Health Association.? This 
syringe is used for the rapid transfer of 
0.01 ml. milk or cream and is equipped with 
a semi-automatic spring-actuated plunger. 
The volume discharged by the syringe is 
automatically regulated; and according to 
the manufacturer’s claims and additional 
information supplied by individuals who 
have tested it, it is accurate within plus or 
minus 0.0005 g. or 5%. Certification of the 
instrument’s accuracy may be obtained. 
Such certification is mandatory in some lo- 
calities for testing of milk and cream. 

Through the use of this syringe, it was 
found that if 0.01 ml. of acetone suspension 
(a 14%4-inch circular dise of molecular filter 
dissolved in 100 ml. acetone) is applied to 
a dry molecular filter, the subsequent reac- 
tion takes place over an area equal approxi- 
mately to a quarter-inch diameter circle. 
This is a quite satisfactory area for the pur- 
pose of microscopic examination. 

While the transparent area in which the 
dust is thus fixed may be measured even 
though of irregular shape, it would be simp- 
ler and more desirable if that area could be 
controlled and made the same each time. 
Various methods for accomplishing this 
have been and are being explored. One meth- 
od is to drill a 14-inch hole in a microscope 
slide, cover it with a slightly larger piece of 
molecular filter and place the liquid on it. 
The transparent film forms across the hole. 
Instead of using glass slides which break 
easily, particularly if more than one hole 
is desired in each, metal slides may be used. 

Fig. 1 shows a glass slide with the filter 
mounted in two holes. The one on the left 
is untreated while the one on the right has 
a dust sample in it. 

Fig. 2 shows an aluminum slide with four 
14-inch holes, each containing a molecular 
filter disc. The discs in the lower holes have 
been treated with the dust suspension. The 
clarity of the printing on the paper illus- 
trates how transparent the molecular filter 
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Fig. |. 
Glass slide with molecular filter mounted in two 
V/4-inch holes. The filter on the right contains a 
sample. 


has become. Normally, the metal slides 
would be made the same size and shape as 
a glass microscope slide. In this particular 
case, the slide was made two inches square 
to fit into a projection device. 

Another method which has been employed 
utilizes the gummed reinforcements that 
are ordinarily used with loose-leaf notebook 
paper. These can be obtained with a quarter- 
inch hole in the center. Circles of molecular 
filter slightly larger than one-quarter inch 
diameter but smuller than the outside diam- 
eter of the reinforcing ring are cut with 
a cork borer. (We purchase molecular filter 
material in sheet form and cut it to the de- 
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Fig. 2. 
Aluminum slide with four '4-inch holes. Trans- 
parency of the film containing the sample 
can be seen in the lower holes. Samples have 
not been added to the upper holes. 
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Fig. 3. 
This syringe delivers 0.01 ml. of the sample. 
The two microscope slides show the molecular 
filter dizes mounted under reinforcing rings. 
Dust samples have been mounted on the slide 
on the right. 


sired size. This is somewhat less expensive 
than purchasing specific sizes. It is neces- 
sary, however, to use considerable care in 
handling it to avoid waste, as it is rather 
tricky to work with, due to its fragility and 
electrostatic properties.) The circular disc 
of filter is attached to the reinforcing ring 
so that the hole is completely closed, and 
the ring is immediately fastened to a micro- 
scope slide. A number of filters may be 
mounted on a single slide. They are then 
ready for use. The 0.01 ml. of dust suspen- 
sion is placed in the center of the molecular 
filter. The reaction is instantaneous and 
the slide is ready for immediate microscopic 
examination. 

Fig. 3 shows the pipette employed for 
measuring 0.01 ml. and also two microscope 
slides on which molecular filters have been 
mounted under reinforcing rings. Dust 
samples have been mounted on the slide on 
the right. The transparency of the mount is 
further indicated in Fig. 4 where the same 
slide has been placed on a printed page. 

It has not yet been determined whether 
any of the dust is carried into that portion of 
the molecular filter which is under the edge 
of the reinforcing ring. It does not seem to 
occur, at least to any significant degree. 
Since the circle of filter need be only slight- 
ly larger than the hole in the reinforcing 
ring, the error, in case this assumption is 
erroneous, would be slight in any case. 

Where dust counts are to be made, the 
same general procedure which is used in the 
light field method for impinger samples can 
be followed, counting five different fields in 
duplicate aliquots. 
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In some instances when the acetone sus- 
pension is applied to the filter, the reaction 
may not be too uniform. This is probably 
due to the failure of the liquid to spread 
rapidly enough over the filter. In such cases, 
there is formation of some bubbles and 
other irregularities, possibly even holes in 
the transparent film which is formed. Seri- 
ous difficulty of this type can be avoided, 
however, with suitable technique. Also, 
other solvents may prove to be more satis- 
factory. The majority of mounts have been 
found to be usable. To insure that there will 
be two satisfactory mounts and since the 
technique is so simple and rapid, we are 
forestalling any difficulties by preparing 3 
or 4 and using the first two satisfactory 
ones examined. 

Fig. 5 is a photomicrograph of a quartz 
dust sample prepared with the procedure 
described. It will be noted that the dust is 
well distributed in random fashion. 

Table I shows the results obtained when 
or Wiese atomic “ashes” now stored as waste, 
as a result of years of production of fis:ionable 


material for nuclear weapons-by the Atomie-En- 
“Tgy presram. 
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Fig. 4. 
Four treated molecular filter discs on a micro- 
scope slide show transparency of the mount. 


Fig. 5. 
Photomicrograph of a quartz dust sample. This 
was taken on a treated molecular filter disc 
mounted under a reinforcing ring. Magnifica- 
tion is about 200x. 
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TABLE I. 

Sample No. 1 

Aliquot No. 1 2 3 4 5 
85 42 65 67 50 
57 83 61 55 57 
102 62 83 78 79 
80 76 59 49 76 
90 56 70 56 73 

Average 83 64 68 61 67 

Sample No. 2 

Aliquot No. 1 2 3 4 5 
82 144 98 125 132 
90 114 151 109 84 
123 99 112 131 110 
118 136 129 142 136 
99 113 96 112 119 

Average 102 121 117 124 116 


counts were made in five random fields of 
five aliquots of each of two samples. The 
range of counts is within the limits usually 
encountered in other comparable methods. 

Considerable additional work will have to 
be done testing the procedure, improving 


September, 1954 


the technique, and making comparisons with 
other methods in order to determine wheth- 
er the method is equal to or superior to 
others now employed. The simplicity of the 
technique and the production of a slide 
which provides a permanent record are fea- 
tures which make the method quite attrac- 
tive. It is presented here with the thought 
that other investigators might wish to ex- 
plore the potentialities which it offers. 
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Absolute Control of Chromic Acid Mist 


—INVESTIGATION OF A NEW SURFACE-ACTIVE AGENT 


G. HAMA and W. FREDRICK, Sc.D., Detroit Department of Health 
D. MILLAGE and H. BROWN, Ph.D., The Udylite Corporation 


N ENTIRELY new type of surface-active 

agent, ZEROMIST,* containing a fluoro- 
carbon chain which endows the compound 
with extremely high stability and surface- 
activity has been developed for the control 
of chromic acid mist and spray from chro- 
mium plating baths. This paper is a report 
of an ‘investigation made to determine the 
effectiveness of ZEROMIST in suppressing the 
mist from chromium plating operations. 
Chromium plating is in world-wide use for 
decorative and engineering purposes, due to 
the superlative properties of chromium 
plate from the standpoint of tarnish and at- 
mospheric corrosion resistance, its  out- 
standing resistance to heat and wear, and 
its low coefficient of friction. 

The baths for the electrodeposition of 
chromium consist of rather concentrated 
solutions of chromic acid (about 150 to 400 
gm. per liter of chromic acid anhydride) and 
contain in addition, definite small percent- 
ages of sulfate, fluoride or fluosilicate 
anions (in a ratio of about 100 parts of 
CrO, to one of sulfate or other “catalyst” 
anions). Insoluble anodes (lead or lead al- 
loy e.g. Pb-Sn) are used. High cathode cur- 
rent densities are required for the deposi- 
tion of chromium, about 15 amp./sq. dm. to 
30 amp./sq. dm. (approximately 140 to 280 
amp./sq. ft.) and even higher current 
densities are used. The cathode efficiencies 
vary from about 10 to 20%, and therefore 
a large volume of hydrogen is liberated dur- 
ing plating, and since insoluble anodes are 
used, oxygen is evolved at the anodes. 

These gases evolved during electrolysis in 
the form of multitudinous bubbles of high 
surface tension burst violently at the sur- 
face of the concentrated chromic acid solu- 
tion and throw out a fine mist of chromic 
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acid droplets. The spray and mist resulting 
from this bubble bursting is of considerable 
volume because of the high current densi- 
ties used in the plating, the low efficiency of 
chromium deposition and use of insoluble 
anodes. Due to the corrosiveness and tox- 
icity of chromic acid mist, and its well 
known deleterious contaminating effect on 
other plating baths, such as, nickel, copper, 
cadmium and zinc, it is necessary to employ 
efficient local exhaust ventilation to con- 
tinuously remove the mist as it is formed. 
The quantity of air exhausted can be quite 
large. For example, to carry away the mist 
formed in a 2,000 gallon tank installation, 
an exhaust rate of as much as 10,000 cubic 
feet per minute may be required.!.?.3 

In some cases, it is difficult to attain good 
control of the mist by ventilation alone. 
This is especially true on wide tanks and 
in locations of strong cross-drafts. Also, 
slots and ducts on chromium plating ventila- 
tion systems become coated and may some- 
times plug because of the high concentra- 
tions of mist in the exhausted air. The main- 
tenance costs on these systems are high be- 
cause of coating and corroding of the hoods, 
ducts and fans. 

The loss of chromic acid through mist 
and spray amounts to approximately 30% 
of the total chromic acid used.* This chromic 
acid mist is discharged through the exhaust 
stack and may create an outdoor air pol- 
lution problem which requires correction 
with expensive air-washing equipment. The 
amount of chromic acid exhausted together 
with that which is carried out on the sur- 
face of the articles, actually represents 
considerably more chromic acid than that 
which is used in the formation of the chro- 
mium coating. 

The health hazards, air pollution prob- 
lems, and waste of chromic acid resulting 
from the formation of chromic acid spray 
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and mist in commercial chromium plating 
were recognized from the very inception of 
chromium plating, and various attempts 
were made to prevent or to greatly minimize 
the formation of this spray and mist. As ex- 
amples of attempted solutions of the prob- 
lem of preventing or minimizing the spray 
and mist, it has been suggested to form 
blankets on the surface of the bath by using 
various saturated oils such as paraffin oils 
or hydrocarbons similar to kerosene. The 
use of such materials and the problems in- 
volved has been reviewed by Alter and 
Mathers.® The inconveniences caused by an 
oil layer on the surface, its carry-over into 
rinse waters, possible fire hazards, and pos- 
sible dermatitis effects from the oil itself, 
have greatly limited the use of such oil 
blankets. The use of foaming or frothing 
agents such as cresylic acid, saponin, etc., 
though effective with many electrolytic baths 
are of little value in the chromium plating 
paths using concentrated chromic acid, and 
are rapidly oxidized. Fish oils® which can 
be used in much smaller concentration than 
mineral oils because of their tendency to 
give foam blankets on the surface of the 
chromium baths, are more stable than 
cresylic acids or saponin, and have been 
more successful, but because they are also 
oxidized away rather rapidly, requiring fre- 
quent or continuous additions, they have 
never been extensively used. 

Floating objects such as paraffin-dipped 
corks or glass wool were also tried quite 
early® as blankets and more recently plastic 
beads, chips and rods have been tried.®7:8 
However, while blankets of these materials 
on the surface help to decrease the mist and 
spray, their use is generally confined to 
“hard” chromium plating where relatively 
thick chromium is deposited for engineer- 
ing purposes, and the parts to be plated 
are left for hours in the plating tank. Thus, 
the plastic beads can be spread as a heavy 
blanket over the surface of the bath and 
left undisturbed during the long plating 
time. However, in decorative or bright chro- 
mium plating, the plating time is usually 
around five minutes or less and it is too 
difficult to keep the layer of plastic beads 
distributed properly over the surface with 
the very frequent entry and removal of 
plating racks. Thus, the use of layers of 
plastic beads, while of little or no value in 
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decorative or bright chromium plating, has 
attained a limited but helpful use in “hard” 
chromium plating. However, no decrease in 
ventilation is recommended® with the use 
of these beads in chromium plating. 
Recently certain specialized classes of 
regular surface-active agents have attained 
fairly wide-spread use in chromium plating 
baths, and these surface-active agents are 
superior to the older foaming agents such 
as the fish oils of Alter and Mathers. These 
surface-active agents lower the surface ten- 
sion of the chromium plating bath and foam 
blankets can be formed on the surface of the 
bath during plating. However, those which 
have been used up to now are also rather 
rapidly oxidized away at the insoluble 
anodes as well as by the chromic acid itself 
and careful control of the concentration of 
the surface-active agent must be maintained 
to keep the mist continuously suppressed.!® 
Thus, while it has been recognized for a 
long time that low surface tension and a 
foam blanket produced by a surface-active 
agent would greatly help in preventing or 
minimizing the spray and mist from chro- 
mium plating baths, nevertheless, until re- 


TABLE I. 
CONCENTRATION OF CHROMIC ACID MIST OVER 
CHROMIUM PLATING BATHS CONTAINING 
SURFACE-ACTIVE AGENT 


Cone. CrOs 

(in mg. per cubic 
Locations and Conditions: meter of air) 
Plant A. Chromium plating tank, 1.7 ft. x 
4.2 ft. surface area. Hand plating. Fourteen 
samples taken from breathing zone in aisle 
to 1 ft. over surface of bath. Ventilation 
off. Plating current 460 amps. 
Plant B. Tank 4 ft. x 7 ft. Production plat- 
ing of automobile parts. Six samples taken 
in breathing zone of worker. Ventilation 
off. 9,000 amps. for 0.5 min. and 8,000 
amps. for 2.5 min. 
Plant B. Tank 7 ft. x 7 ft. Production plat- 
ing of bumper-guards. Six samples taken 
in breathing zone. Ventilation off. 20,000 
amps. for 0.5 min. and 10,000 amps. for 
2.5 min. 
Plant B. Tank 7 ft. x 7 ft. Production plat- 
ing of. bumper-guards. Five samples taken 
in breathing zone. Ventilation off. Plating 
current 12,000 to 18,000 amps. 
Plant C. Tank 2 ft. x 6 ft. Production plat- 
ing of automobile ornaments. Five samples 
taken in breathing zone. Ventilation off. 
1,200 amps. 
Plant D. Tank 2 ft. x 3.5 ft. Hand plating 
of automobile parts. Two samples taken 
in breathing zone. Ventilation rate 90 cu. 
ft. per min. per sq. ft. (Required ventila- 
tion as standard, 175 cu. ft. per min. per 
sq. ft. of bath surface.) 


0.005-0.022 


0.002-0.060 


0.002-0.009 


0.002-0.014 


0.002-0.027 


0.000-0.002 
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cently no surface-active agent has been 
found which could resist the powerful anodic 
oxidation occurring during chromium plat- 
ing. 

It has now been found that certain new 
surface-active agents can be made in which 
the usual hydrocarbon chain is replaced by 
a fluorocarbon chain, and these fluorinated 
surface-active agents have been found to 
be completely stable to boiling concentrated 
chromic acid and to the highest oxidizing 
conditions existing at the anodes during 
chromium plating. ‘“‘Zeromist” is an example 
of a class of fluorinated surface-active 
agents that is completely stable in chromium 
plating baths. Due to the low surface ten- 
sion values obtainable and also because of 
the film stability existing in the bubbles 
which constitute the thin foam blankets on 
the surface of the baths, the spray and mist 
is reduced to very low values. (See Table I 
and Fig. 1. See also Figs. 2, 3 and 4.) 

Fig. 2 shows a chromium plating tank 
with no foam blanket. 

Fig. 3 shows the same tank with the work 
submerged in the solution during the plat- 
ing operation. It is to be noted that the 
foam formed during electrolysis covers the 
entire surface including the area around 
the electrodes. It should also be noted that 
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SURFACE TENSION (DYNES/CM.) 


Fig. |. 
Effect of surface-active agent concentration 
on the reduction of chromic acid mist in dis- 
charge duct. Ventilation rate at 100 cfm/sq. 
ft. of surface area of plating bath. Curve (a) 
for plating bath temp. of 55°C (131°F). Curve 
(b) for bath temp. of 38°C (100°F). Plating 
current at 50 amps./sq. ft. of surface area of 


bath. 


Chromium plating tank with work submerged 
and plating proceeding with formation of the 
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Fig. 2. 


Chromium plating tank with no foam on the sur- 


face. 


Fig. 3. 


thin foam blanket. 


Fig. 4 


Chromium plating tank with plated work just 
removed. Foam blanket is still present but sub- 


siding rapidly. 
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the foam blanket is not too heavy. A heavy, 
thick foam blanket may cause a hydrogen 
explosion. 

Fig. 4 shows the chromium plating solu- 
tion after the plated work has just been re- 
moved. The thin foam blanket formed by 
the surface-active agent is still present but 
is in the process of subsiding. 

The control of “Zeromist” is simply done 
by surface tension measurement which is 
a measure of the concentration of the sur- 
face-active agent in the bath (Fig. 5). 
“Zeromist” is lost only by “drag-out” (in 
the film of solution on plated articles with- 
drawn from the bath) and only infrequent 
additions to compensate for such losses 
have to be made. Maintenance additions are 
usually needed not oftener than once per 
week or less, and usually only about 1/10 
the original concentration need be added. 
Thus, because of the extreme stability of 
“Zeromist” it is possible to keep the spray 
and mist continuously suppressed without 
constant supervision of the status of the 
concentration of the surface-active agent in 
the bath. 

Since the viscosity of the bubble film 
varies with temperature, the optimum con- 
centration of surface-active agent for the 
highest degree of suppression of mist varies 
with the temperature of the bath (Fig. 6). 
At lower bath temperatures lower concen- 
trations of surface-active agent can be used 
to produce a high degree of mist suppres- 
sion. 

To determine the effectiveness of “Zero- 
mist” in suppressing the mist in bright 
chromium plating operations, a number of 
work-room air determinations for chromic 
acid were made in several industrial plants 
during the regular production plating opera- 
tions. Breathing zone samples were taken 
with midget impingers. These samples were 
taken to the laboratory and analyzed by the 
Diphenylcarbazide Method. Table I shows 
the results of the work-room air determina- 
tions. In Plants designated A, B and C, the 
ventilation was turned off during the samp- 
ling period. In Plant B, the tank was venti- 
lated at the rate of 90 cfm per square foot 
of tank area. The ventilation rate required 
on this tank by the American Standards 
Association method for calculating air-flow 
for plating tanks is 175 cfm per square foot 
of tank area.® It is to be noted that the 
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SURFACE TENSION (DYNES/CM,) 

8-6 2.35 

4 


1 2 3 4 4 6 
CONC. OF ZEROMIST (LBS, /100 GAL.) 
Fig. 5. 
Variation of surface tension of chromium plat- 
ing solution with concentration of surface-active 
agent, "Zeromist," at temp. of 30°C. 


(a) 


(b) 


(c) 


LOG MICROGRAMS CrO3 /M3 AIR 


00 110 120 130 140 150 


TEMP, OF CHROMIUM BATH (°F) 
Fig. 6. 

Effect of temperature of bath on concentration 
of chromic acid mist in the discharge duct. 
Ventilation rate at 100 cfm/sq. ft. of surface 
area of bath. Current at 10 amps./sq. ft. of sur- 
face area of bath. Curve (a) represents bath 
surface tension at 50 dynes/cm., and curve (b) 
at 35 dynes/cm., and curve (c) at 25 dynes/cm. 


average concentration is considerably below 
the maximum allowable concentration which 
is 0.1 mg. chromic acid anhydride (CrO,) 
per cubic meter of air.!” 

Stack determinations were made to de- 
termine the effectiveness of “Zeromist” in 
reducing air pollution from discharge 
stacks on systems ventilating bright chro- 
mium plating tanks. These determinations 
were made by drilling a hole in the dis- 
charge stacks and using a glass sampling 
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probe. The samples were collected in a 
midget impinger and were analyzed by the 
Diphenylcarbazide Method." 

Table II shows the chromic acid content 
of stack discharge samples taken in three 
different plants. The rates of air flow with 
the ventilation systems on the plating tanks 
ranged from 90 to 150 cfm per square foot 
of tank surface area. It is to be noted that 
there is very little chromic acid in the dis- 
charged air. 


TABLE II. 

SAMPLES TAKEN IN DISCHARGE STACKS OF 
VENTILATION SYSTEMS OF CHROMIUM 
PLATING BATHS CONTAINING 
SURFACE-ACTIVE AGENT 


Cone. CrOsz 

(in mg. per cubic 
Location and Conditions: meter of air) 
Plant B. Tank 4 ft. x 7 ft. Production plat- 
ing. Ventilation by slot exhaust, 150 cu. ft. 
per min. per sq. ft. of tank area. Plating 
current 9,000 amps. Two samples taken. 
Plant D. Tank 2 ft. x 3.5 ft. Slot exhaust, 
90 cu. ft. per min. per sq. ft. One sample 
taken during plating. 0.000 
Plant E. Tank 7 ft. x 7.5 ft. Automatic 
plating of automobile parts. Ventilation 
rate, slot exhaust, 120 cu. ft. per min. per 
sq. ft. of tank surface. Temp. of bath 
115° F. Plating current 4,200 amps. at 12 
volts. 0.01-0.02 


0.009-0.014 


There are other contaminants besides 
chromic acid that might be discharged from 
chromium plating tanks. Hydrogen is im- 
portant because of the possible explosion 
hazard. The thin foam blanket formed by 
“Zeromist” however, does not retain large 
quantities of hydrogen. Several determina- 
tions were made to determine the concen- 
tration of hydrogen directly on the surface 
of the foam blanket. 

Table III shows the results of these deter- 
minations. The results are expressed in per- 
cent lower explosive limit of hydrogen gas. 
The determinations were made with a com- 
bustible gas indicator. 

There appears to be an odor coming from 
unventilated chromium tanks similar to 
ozone, and therefore it was decided to check 
the concentration of ozone coming from the 
unventilated chromium tanks. These deter- 
minations were made by sampling with a 
fritted glass bubbler. The samples were an- 
alyzed by the Alkaline Potassium Iodide 
Method of Smith and Diamond.'!? Results 
are given in Table ITI. 
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TABLE III. 
SAMPLES TAKEN FOR HYDROGEN AND FOR OZONE 
OVER CHROMIUM PLATING TANKS CONTAINING 
SURFACE-ACTIVE AGENT 


Hydrogen Determination 
Plant G. Tank 1.5 x 2 ft. surface area. 


Hydrogen Conc. 


Hand plating of small parts. Ventila- 3 to 8% 
tion off. Current density 150 amps. per of 

sq. ft. Hydrogen determinations made lower explosive 
with combustible gas indicator. Four limit 


measurements were made just above 
the surface of the tank over the 
cathode. 

Ozone Determination 
Plant B. Case 1. Samples taken direct- 
ly over the anodes at the edge of the 
tank. Tank 7 ft. x 7 ft. Production 
plating of bumper-guards. Current 
12,000 amps. Ventilation off. 
Case 2. Samples taken in breathing 
zone level with same tank and condi- 0.008 PPM 
tions as in Case 1. 


Ozone Conc. 


0.013 PPM 


In chromium plating baths containing 
fluorides the question of the concentration 
of hydrofluoric acid in the air above the 
tanks must be considered. At this time no 
systematic measurements were made on 
this, although on one unventilated chromi- 
um plating tank (19 in. x 20 in. surface) 
operating at a temperature of 115° F the 
concentration of fluoride at the surface ex- 
pressed as hydrogen fluoride was 3 to 4 
parts per million. This tank contained 
“Zeromist,” but not at optimum concentra- 
tion, therefore it was not determined what 
percentage was coming off in gaseous form 
and what percentage in mist form (the mist 
was quite low, however). The method of 
analysis for the fluoride in the air was as 
follows: samples were collected in a fritted 
glass bubbler, and analyzed by the Zirconi- 
um Alizarin Method following a Willard and 
Winter distillation." 

The possibility of the formation of stib- 
ine during the chromium plating of an an- 
timony plated surface was also considered. 
Determinations for stibine were made di- 
rectly over the plating tank by sampling 
with a fritted glass bubbler. The samples 
were analyzed by the Rhodamine B Method 
of Fredrick.!* The first sample was taken 
during the fifteen minute interval immedi- 
ately after submerging the antimony plated 
part to be chromium plated. The second 
sample was taken in the 15 minute interval 
following the first sample and the third 
sample was taken 30 minutes after the first 
sample. The results of these determinations 
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are given in Table IV. From these results 
it is to be noted that a small quantity of 
stibine is formed only during the initial 
period of plating when the antimony sur- 
face is exposed to the hydrogen that is 
being deposited along with the chromium 
plate. After the surface is covered with the 
chromium plate, there is only slight if any 
possibility for stibine formation. 


TABLE IV. 
SAMPLES TAKEN FOR STIBINE FORMATION 
DURING CHROMIUM PLATING OF AN 
ANTIMONY SURFACE 


Location and Conditions: 


Cone. Stibine 


1. Plant F. Chromium plating of an anti- 
mony-plated steel bumper-guard. Sample 
taken 1 ft. above tank immediately after 


submerging part in the chromium plating 
tank and applying current. Ventilation off. 
2. Fifteen minutes later 

3. Thirty minutes later 


0.8 PPM 
Trace 
None found 


Still another troublesome problem con- 
nected with chromium plating is the rather 
frequent dermatitis occurring with work- 
ers handling poorly rinsed chromium plated 
articles. Contact with chromic acid should 
be reduced with the use of low surface ten- 
sion baths due to the rapid and more com- 
plete run-off of the chromium plating solu- 
tion, leaving less chromic acid to be rinsed 
away. Also, the work rack hooks would not 
be covered with a chromic acid film due to 
the absence of spray from such baths. 


Summary 


IR SAMPLING determinations made on 
commercially operating bright chromium 
plating baths containing a new fluorinated 
surface-active agent “Zeromist,” indicate 
that the concentration of chromic acid mist 
above the plating solution is reduced to a 
very low level. Because of the extreme 
stability of this fluorinated compound, the 
maintenance of proper concentration in the 
bath is simple and requires little super- 
vision. Furthermore, with baths of low sur- 
face tension there is rapid and more com- 
plete run-off of the chromic acid solution 
from the plated articles on removal from 
the bath which results in decreased chromic 
acid drag-out and decreased pollution of the 
rinse water. 
Thus, its important contributions are: 
(1) reduced air pollution of the work room; 
(2) reduced atmospheric pollution from dis- 
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charge stacks; (3) reduced losses of chro- 
mic acid both from suppression of mist and 
decreased drag-out loss; (4) decreased pol- 
lution of rinse water and decreased stain- 
ing of the plated articles; (5) reduced in- 
cidence of dermatitis caused by excessive 
carry out of chromic acid on the plated ar- 
ticles. In the cases tested, it appeared that 
reduced ventilation rates could be used, and 
that air washing equipment for the exhaust 
discharge into the atmosphere could be 
eliminated. On wide tanks which are diffi- 
cult to ventilate properly or where strong 
cross-drafts are present, the use of the sur- 
face-active agent is invaluable. In general, 
“Zeromist” should be used to assist or sup- 
plement local exhaust ventilation rather 
than to replace it. Less maintenance would 
be required on hoods, duct work and fans. 


Acknowledgement 
HE FLUOROCHEMICAL used in “‘Zeromist” 
is synthesized by the Fluorochemical De- 
partment of the Minnesota Mining and 
Manufacturing Company, using an electro- 
lytic method of fluorination. 
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Forinaldehyde tu 
_A SPECIFIC FIELD TEST 


WILLIAM E. MacDONALD, JR., Division of Industrial Hygiene 
Florida State Board of Health, Jacksonville 


HE PROPOSED method for determining at- 

mospheric formaldehyde is a modifica- 
tion of that used by Ozburn.!! It involves 
visual comparison of the purple color de- 
veloped when formaldehyde and chromo- 
tropic acid, 1,8-dihydroxynaphthalene-3,6- 
disulfonic acid, are heated together with 
sulfuric acid. 

Recently when the author had occasion to 
measure the amount of formaldehyde in a 
workroom atmosphere, he found that his 
Schiff’s reagent was not sensitive enough to 
detect formaldehyde in the concentration 
encountered. The Ozburn!! chromotropic 
acid qualitative test for formaldehyde was 
then tried. An aliquot of the sampling 
medium containing the minute amount of 
formaldehyde was mixed with chromotrop- 
ic acid followed by sulfuric acid. The re- 
sults were immediate and positive. The 
method was found highly sensitive but the 
results were not quantitative. 

Because such a simple procedure ap- 
peared to have possibilities as a field test, 
further study was undertaken in an effort 
to make this modification of the method 
quantitative. A search of the available liter- 
ature revealed that this reagent had not been 
proposed previously as a field method for 
determination of formaldehyde in air. 

It was found that in 1937 Eegriwe® first 
proposed chromotropic acid as a_ specific 
reagent for formaldehyde. He checked it in 
the presence of several other compounds in- 
cluding acetaldehyde. Boyd and Logan? used 
it in 1942 for determining substances which 
yield formaldehyde on oxidation with peri- 
odate. Their modification made the proced- 
ure quantitative. In 1945, Bricker and 
Johnson‘ published their work on this rea- 
gent. They modified the procedure for use 
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with a Beckman DU Spectrophotometer. 
MacFadyen,!® working independently, pub- 
lished his spectrophotometric procedure 
during the same year. The following year 
Ozburn!! applied the method to indirect de- 
tection of methanol in blood and body fluids 
using acid-permanganate oxidation of meth- 
anol to produce formaldehyde which was 
then reacted with chromotropic and sul- 
furic acids. Heat for the reaction was that 
produced by the sulfuric acid and water 
being mixed. In 1948 Boos? applied Mac- 
Fadyen’s spectrophotometric method to de- 
termination of the formaldehyde produced 
by acid-permanganate oxidation of samples 
containing methanol. In his “Industrial 
Toxicology,” Fairhall® suggested the spec- 
trophotometric method of Bricker and 
Johnson for use in the industrial hygiene 
laboratory. Other investigators have since 
adopted the reagent for determination of 
urinary corticosteriods,’ of diacetyl,!* of end 
unsaturation in organic compounds,° and of 
formaldehyde in milk and other foods.! 

Specificity and sensitivity of the reaction 
between formaldehyde and chromctropic 
acid have been the main points of all papers 
consulted. The literature search indicates 
that only a few of the many compounds 
tested have been found to give positive in- 
terference. The Jiterature also revealed that 
diacetyl, glyceraldehyde, furfural, and some 
sugars give colored reaction products which 
interfere; and that acetone, diacetone alco- 
hol, and methyl ethyl ketone interfere with 
the formation of the purple color. The list 
of compounds which the various investi- 
gators have tested and found to give nega- 
tive results includes acetaldehyde, propional- 
dehyde, butyraldehyde, isobutyraldehyde, 
isovaleraldehyde, crotonaldehyde, chloral 
hydrate, glyoxal, benzaldehyde and phthal- 
aldehyde. 
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READING, KLETT-SUMMERSON 


SCALE 


grams of formalde- 
hyde per ml. It should 
be prepared shortly 
before use. 


DETERMINATION : 
Transfer a 4.0 ml. 
aliquot of the sample 
to a 30 ml. Erlenmeyer 
4 flask (or other small 
container which will 
permit complete and 
4 rapid mixing), add 
0.10 ml. of 1.0% 
chromotropic acid, and 
5 mix. Add with cau- 
tion 6.0 ml. concen- 
trated H.SO, (sp.gr. 
1.84), and mix thor- 
oughly. Allow to cool 


w 
8 


0.5 1.0 


FORMALDENYDE, MICROGRAMS PER MIRCILITER OF REACTION MIXTURE 


Fig. |. 


Recommended Procedure 


(COLLECTION OF SAMPLE: The sample is col- 

lected in water using a fritted glass bub- 
bler. A bisulfite or sodium hydroxide collec- 
tion medium can also be used without inter- 
fering with the color development. 
REAGENTS: 

1. Chromotropic acid, 1,8-dihydroxynaph- 
thalene-3,6-disulfonic acid, Eastman Kodak 
(P-1613), 1.0% aqueous solution. Ten milli- 
liters of the solution are prepared, filtered, 
and stored in a brown bottle. When this solu- 
tion darkens it should be discarded and a 
fresh supply prepared. The disodium salt, 
Eastman Kodak (P-230), is now available. 

2. Concentrated sulfuric acid stored in a 
polyethylene plastic bottle to avoid danger 
of broken bottles and spilled acid in field 
kit. 

3. Formaldehyde standard solution “A” 
containing 1.00 g. formaldehyde per liter of 
0.1 N sodium hydroxide. Paraformaldehyde 
was used in this work. If formalin is used 
its strength must be determined by analy- 
sis before use. Solution keeps about two 
weeks. 

4. Formaldehyde standard solution “B” 
containing 10.0 mg. formaldehyde per liter. 
Dilute 10.0 ml. of Formaldehyde Standard 
Solution “A” to one liter with distilled 


water. This solution contains 10.0 micro- 


to room temperature 
and visually compare 
with standards pre- 
pared using 0.1,0.2 
and so on up to 2.0 
ml. of Standard Formaldehyde Solution 
“B.” Use distilled water to make to 4.0 ml. 
volume prior to addition of chromotropic 
and sulfuric acids. Color development is 
complete by the time samples have cooled 
to room temperature. If the sample requires 
a smaller aliquot for analysis, make up to 
4.0 ml. with distilled water. 


Discussion 


RECENTLY Bricker and Vail® found that 

formaldehyde and chromotropic acid 
react in an undertermined way to form a 
complex which is stable up to about 200° C. 
This characteristic permits separation from 
volatile interfering compounds that evapo- 
rate below 200° C. 

This characteristic also permits concen- 
tration of the sample by evaporation with- 
out loss of formaldehyde. Therefore, if the 
amount of formaldehyde in 4.0 ml. of the 
original sample is too small for direct read- 
ing, a concentration step may be added. 
Using a suitable aliquot one should add 0.1 
ml. of chromotropic acid solution and con- 
centrate by evaporation. The concentrated 
aliquot adjusted to 4.1 ml. is then ready for 
addition of 6.0 ml. sulfuric acid and compar- 
ison with standards as before. 

Another advantage of this stable union is 
that it permits separation of the formalde- 
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hyde from suspended matter. Once the 
formaldehyde is tied up by the chromotrop- 
ic acid, filtration through paper will remove 
dusts which would otherwise interfere with 
reading by charring and darkening in the 
presence of concentrated H,SOQ,. 

The relationship of concentration of form- 
aldehyde to transmittancy gives a straight 
line when read in a Klett-Summerson photo- 
electric colorimeter using filter No. 55. A 
straight line is maintained between zero 
and 2.0 micrograms formaldehyde per ml. 
of reaction mixture and a reasonably ac- 
curate estimation may be made between 
standards when visual comparison is used. 
Above this maximum the accuracy of com- 
parison falls off. The sensitivity is remark- 
able. As little as 0.1 microgram of formalde- 
hyde per ml. of sample produces a distinct 
color in the final mixture. The purple color 
is very stable. A set of standards was found 
to give a slope of 0.81 when first read and a 
slope of 0.86 when reread after being stored 
in the dark for a period of over six months. 
A graph is included. 
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Conclusion 


‘THE PURPOSE of this paper has been to in- 
troduce a field method for formaldehyde 


. which is specific, sensitive, and rapid while 


keeping necessary equipment at a minimum. 
No attempt has been made to supersede the 
established spectrophotometric methods for 
determination of formaldehyde using 
chromotropic and sulfuric acids. 
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Fame for the “Tin Ear” 


—- E. STEWART’S invention, which his fellow researchers have dubbed the “tin 


” 


ear,” was the subject of a double-page, illustrated article in the Sunday supple- 


ment of the Pittsburgh Press on August 8, 1954. The article lauds the University of 
Pittsburgh School of Medicine and the Graduate School of Public Health, both of 
which have enlisted in a war against industrial noise. It is explained how MR. STEWART, 
with his cigar-box-sized instrument strapped to his back and a special microphone 
hooked to a miner’s cap, can follow a workman around all day and determine the “noise 
dose” his ears receive. The “noise dose” concept was explained as a completely new ap- 
proach to assessing industrial noise hazards, for which a new unit of measurement had 
to be devised to cope with such variables as the irregularity of the noise and the length 
of time the worker is exposed to the noise. Recognition is also accorded DR. ADOLPH G. 
KAMMER, head of the Department of Occupational Health and DR. LEO G. DOERFLER, di- 
rector of the Audiology Department of the School of Medicine. 
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NEAR AN IRON SLAG PROCESSING PLANT 


J. CHOLAK, L. J. SCHAFER and D. YEAGER 


Kettering Laboratory, Department of Preventive Medicine and Industrial Health 


LAG, a by-product in the operation of iron 
S blast-furnaces, is no longer a nuisance 
which must be tolerated in the production 
of iron. In the last 30 or 40 years, many 
large markets for slag have been developed, 
so that more than 60% of the slag now pro- 
duced in the U.S. is commercialized in one 
form or another.! Plants for processing this 
slag are generallv located close to the sup- 
ply. The princinal operations consist in 
moving cooled slag to the plant, where it is 
segregated, crushed, classified by screening, 
and loaded for shipment via rail or truck. 
As can be imagined, these operations are 
extremely dusty, so that plants located near 
residential areas are productive of com- 
plaints on the part of the residents. 

The plant involved in this investigation 
made a serious effort to reduce the emissions 
of dust, but when complaints continued to 
be received, a survey was made to appraise 
the conditions in the area. The survey is 
of interest because it illustrates some of 
the procedures and equipment useful in the 
investigation of problems of this type. 


Procedure 

HE PLANT was located about one mile 

from the blast-furnace, 0.4 of a mile, to 
the south, from a small village (population 
500) and about 0.5 mile, to the east, from 
another somewhat larger village (popula- 
tion 1200). The principal complainant lived 
0.4 mile directly north of the plant adjoin- 
ing its premises, and the investigation, 
therefore, was designed to compare condi- 
tions at this point with conditions at seven 
other sites equally distant from the plant 
but located on the main points of the com- 
pass. Four other sites at various distances 
from the plant were also selected as samp- 
ling stations. The quantities of dust which 
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settled out of the atmosphere at these sta- 
tions were determined from samples which 
were collected in dirt-fall jars placed on 
wooden platforms at a uniform height of 
10 feet above ground level. The platform at 
one of the stations is shown in Fig. 1. Since 
the plant was shut down for a three-week 
period, the dirt-fall collection during this 
period served as the control, for comparison 
with samples collected for equal periods of 
time on three different occasions when the 
plant was operating. The different cycles of 
sampling were so spaced as to cover all four 
seasons of the year. 

The dirt-fall jars were of Pyrex glass, 
12 inches high, and approximately 5.75 
inches in diameter. A small amount of dis- 
tilled water was added to each jar in order 
to prevent the collected dust from being 
blown out of the jar by gusts of wind. Dur- 


Fig. |. 
Illustration of sampling platform at station #11. 
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ing the cold season, an amount of alcohol, 
equal to the volume of distilled water, was 
added to each jar to prevent freezing of the 
liquid contents. The jars and contents were 
inspected once each week during the samp- 
ling periods, at which time losses of liquid 
due to evaporation were made up by adding 
either distilled water or a mixture of equal 
parts of ethyl alcohol and water. At the 
end of each three-week period of collection, 
the jars were returned to the Laboratory 
where the total quantities of materials 
caught in the jars were determined gravi- 
metrically, following evaporation of the con- 
tents to dryness and heating to constant 
weight. These weights were then employed 
to calculate the tons of dust which had set- 
tled out of the atmosphere per square mile 
per month. The residues were also subjected 
to X-ray examination and quantitative spec- 
trographic analysis for trace metals. 
Samples were collected by electrostatic 
precipitation once each week at four sta- 
tions. One station was located near the 
principal complainant’s home, another was 
at a site % mile farther north, and two 
others were at points located variably, in 
accordance with the direction of the wind, 
one directly downwind and the other upwind 
at distances of 0.4 mile from the plant. 
These samples were also analyzed gravi- 
metrically and spectrographically. 


Results and Discussion 

THE DIRT-FALL data are recorded in Table 
I. It is obvious that plant operations con- 

tributed appreciable quantities of material 
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to the dust which settled out of the air in 
the area. The highest fali-out of dust oc- 
curred at Stations 5, 6 and 7, located on the 
plant premises and influenced directly by 
the plant operations. Except for the sta- 
tions in the yard of the plant, the amounts 
of dust which settled out of the atmosphere 
at all stations when the plant was shut 
down compared favorably with the amounts 
obtained in non-industrial residential areas 
of larger communities. The quantities of 
dust which settled out of the atmosphere 
when the plant was operating were within 
the range of results obtained in the residen- 
tial areas of Cincinnati.” 

Determinations of settled dust are com- 
monly made to compare the cleanliness of 
different sections of a community, although 
there is some question as to the accuracy of 
such comparisons. Various factors influence 
the collection, and it must be recognized 
that the results are of value only when they 
have been obtained in sufficient number over 
periods of sufficient time to be representa- 
tive of the actual situation. One of the 
questions often posed in this type of deter- 
mination concerns the degree of correspond- 
ence of duplicate samples. When duplicate 
jars were set out on a platform such as 
was described above, their contents were 
found to be in excellent agreement. There 
was also good agreement among samples 
collected in jars of different size constructed 
of different materials set out at the same 
location. The data are shown in Table II. 

The reproducibility of this type of samp- 
ling when employed in a long term testing 


TABLE I. 
Tons OF DustT-FALL PER SQUARE MILE PER MONTH AT A NUMBER 
OF LOCATIONS NEAR THE PLANT 


Plant Down 

Distance 
Station Miles Direction Dec. 
1 0.4 N 16.2 
2 0.4 NE 9.3 
3 0.4 E 8.0 
4 0.4 SE 8.3 
5 0.4 s 12.6 
6 0.4 SW 28.4 
7 0.4 Ww 15.6 

8 0.4 NW 28.6* 

9 0.8 N 13.6 
10 0.6 Ww 17.7 
11 1.0 SW 17.6 
12 1.0 SE 8.7 
Average 15.4 


Average less stations 6 and 7 


Plant Operating 


Nov. April June Average 
38.6 49.8 30.8 39.7 
23.2 44.6 19.0 28.9 
38.0 34.2 22.5 31.6 
20.0 32.2 22.9 25.0 
52.2 61.0 30.4 47.9 

315.0 100.6 200.0 205.2 
33.7 _— 147.0** 90.3 
22.2 20.5 21.1 21.3 
20.8 29.1 46.2 32.0 
81.0 37.7 33.8 50.8 
22.1 39.8 43.2 35.0 
16.4 35.4 36.2 30.7 
56.9 44.0 54.4 53.2 
33.5 38.4 30.6 34.3 


*Based on two day collection. **Birds interfered with sample. 
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TABLE II. 
COMPARABILITY OF DUST-FALL SAMPLES 
COLLECTED IN TWO JARS AT THE SAME 
STATION (TONS/SQUARE MILE/MONTH) 


Difference 
Jar No. 1 Jar No. 2 Jar No. 1—Jar No. 2 
58.0 61.5 —3.5 
31.0 31.4* —0.4 
29.4 26.4 +3.0 
13.0 13.6* —0.6 
27.6 32.8 —5.2 
8.4 8.1 40.3 
8.2 8.9 —0.7 
18.9 19.9 —1.0 
*Jars were of different materials and sizes. 
TABLE III. 


DuST-FALL IN AN AREA NEAR A RAILROAD YARD 
(16 MONTHLY COLLECTIONS) 


Tons of Dust-Fall per Month 
per Square Mile 


Station Average Range 
1 38.7 22.8—53.5 
2 20.3 11.8—36.6 
3 19.0 11.5—30.5 
4 8.6 4.0—11.9 
5 13.7 9.6—18.1 
6 10.1 4.3—16.3 


program, is further indicated in Table III 
which presents data from a soot-fall in- 
vestigation in an area near a railroad yard. 
The trend indicated by the average values 
is confirmed by the ranges of values ob- 
tained during this investigation. Although 
the ranges of values show some overlapping, 
the quantities of settled dust obtained at 
the several stations during the same period 
of collection followed consistently the order 
shown by the average values in the table. 
Therefore, we are convinced that the aver- 
age quantities of settled dust found in pro- 
longed investigations of this type are satis- 
factory measures of the relative cleanliness 
of different communities or sections of the 
same community. This type of sampling is 
particularly useful for the investigation of 
industrial pollution of the atmosphere with 
dusts, since it generally furnishes sufficient 
quantities of material for examination by 
other methods. 

The pin-pointing of the origin of settled 
dust in order to fix direct responsibility for 
it, is not an easy matter, since character- 
istic materials are not always present or 
may be masked to an extent which precludes 
definite proof of responsibility. Fortunate- 
ly, characteristic materials were present in 
the dust in this investigation, so that an 
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approximate estimation of the contribu- 
tion of the plant to the total pollution in 
the area could be made. The method of at- 
tack is described here because it points up 
the ease and certainty with which this can 
be done with suitable analytical equipment. 

The blast-furnace slag, removed as rafter 
dust from the plant, when analyzed by a 
powder x-ray diffraction technique was 
shown to consist principally of akermanite 
(2CaO-MgO:-2Si0.) with some gehlenite 
(2CaOAI.0,:SiO.). The lines of akermanite, 
therefore, were to be expected in x-ray pat- 
terns of samples obtained where this ma- 
terial was deposited, and its presence in 
the dust constituted definite evidence of its 
origin. All samples of settled dust, there- 
fore, were subjected to x-ray analysis. The 
results were consistent and are illustrated 
in Fig. 2 which gives the data for one sta- 
tion only. The principal akermanite lines 
are marked in spectrogram A (rafter dust). 
These lines are absent in spectrogram B— 
for material collected when the plant was 


Fig. 2. 
Comparison of x-ray patterns of dust-fall col- 
lected at station #12: (A) Rafter dust from the 
plant showing the three strongest lines of 
akermanite. (B) Material collected when plant 
was shut down (December, 1952). (C) Material 
collected when plant was operating (November, 
1952). (D) Material collected when plant was 
operating (April, 1953). (E) Material col- 
lected when plant was operating (June, 1953). 
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shut down but are distinct in C, D and E_ of the crystalline material collected at all 
which are spectrograms of material col- of the stations. The results are given in 
lected when the plant was operating. These Table IV. The only exceptions were the 
observations offer further proof that dust November collection at Station 6, and .the 
from the plant operations occurred in the June collection at Station 7. The November 
settled dust in samples collected in the area. collection at Station 6 contained large quan- 

Exploratory examinations of the x-ray tities of merwinite (3CaO-MgO-2Si0,). 
spectra obtained for each sample revealed The presence of merwinite could be at- 
a uniformity in the qualitative composition tributed to the processing of granulated 


TABLE IV. 
CRYSTALLINE MATERIAL PRESENT IN DUST-FALL AS DETERMINED FROM THE X-RAY 
DIFFRACTION PATTERNS 


Plant Down Plant Operating 


Station December 1952 November 1952 April 1953 June 1953 
+444 + + ++ 
1 CaSO;, Fe0s, CaSOs, Fe203 CaSOu, Fe20s, CaSO;, Fe20s:, 
+++ 2 + +++ 
SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag 
+4+4+ +4+4+4 ++ ++ ++ + ++ ++ 
2 CaSOu, Fe203, CaSO,, Fe:Os3, CaSOu, Fe:Os;, CaSO,, Fe:Os, 
++ 1 ++ +4+4++ 444 ++4++ +++ 
SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag 
44+ $+ + ++ ++ +++ + 
3 CaSO,u, Fe203, SiOz, CaSOu, Fe.0s;, CaSO,, Fe:Os;, 
+++ 1 + +++ ++4+ +44 
SiO:, B.F. Slag B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag 
++ + +++ ++ +++ + 
4 CaSO,, Fe.0s, CaSOu, Fe:0s3, CaSOu, Fe:0,, CaSOx,, 
++ 1 ++ + ++4++ 4+ +++ 
SiO., B.F. Slag SiO:, B.F. Slag SiOo, B.F. Slag SiOz, B.F. Slag 
+4+4+ ++ +4++ ++ + ++ +4++4+ + 
5 CaSOs, Fe20s, CaSOy, Fe20:, CaSOy, Fe0s, CaSO., Fe:0s, 
+4+4 2 44+ ++++ + ++ 444+ 
SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag 
44+ 444+ ++ +4+4++ ++ + Trace 
6 CaSO;, Fe20:, CaSOs, CasMg (SiO«)2, CaSOy, Fe20;, CaSO; SiO 
++ 2 +++ +4++4 
SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag B. F. Slag 
7 CaSO.u, Fe0s, CaSOy, Fe20s, Cas (PO;) 
++ 1 ++ +++ +++ + 
SiO2, B.F. Slag SiO:, B.F. Slag SiOz, B.F. Slag 
+4++ + +4++ ++ ++ + 
8 CaSO, FeOs, CaSO, FeO:, CaSO,, Fe:0s, 
++ ‘+++ ++4++ ++ ++ +++ 
SiO., B.F. Slag SiO:, B.F. Slag SiOz, B.F. Slag 
++ +++ +++ ++ +++ + + 
9 CaSO., FeOs, CaSOu, Fe:Os CaSOy, FeOs, Fe2Os, 
++ ++++ + ++++ ++ 
SiO, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag SiO:, B.F. Slag 
+++ ++ +++ + ++ + ++ +++ 
10 CaSQu, Fe20s, CaSO;, Fe:0s CaSO, Fe0s, CaSO;, Fe20s 
++ 2 ++ ++ ++4+4++ ++ ++ 
SiOz, B.F. Slag SiOz, B.F. Slag SiO:, B.F. Slag SiO:, B.F. Slag 
+44 ++ t+ ++++ 
11 CaSOu, CaSOy, Fe:Os, CaSOy, Fe:Os, 
? + +++ Trace 
SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag 
+4++ ++ +++ + ++ + +++ ++ 
12 CaSOu, Fe20;, CaSO,y, Fe20s:, CaSOy, Fe.Os, CaSO,, Fe:0,, 
++ ? Tre +++ Trace 
SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag SiOz, B.F. Slag 
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slag at the site, in which a high-pressure 
water jet was used to quench the slag as 
it was discharged into the pit from the 
thimble. The calcium phosphate present in 
the sample collected at Station 7 during 
June was due to bird-droppings which had 
contaminated this particular sample. 

X-ray spectra may generally be used for 
quantitative purposes, but the lack of a 
calibration curve for akermanite, together 
with the availability of another material in 
the slag which could be followed by ana- 
lytical means, led to the use of the latter 
procedure to determine the amount of blast- 
furnace slag in the settled dust in the area. 
This substance was manganese oxide, which 
was found to be present in the slag in the 
concentration of 1%. Many analyses of 
settled dust, collected in the Cincinnati area 
had indicated that the average manganese 
oxide content of such dust was only 0.05%. 
An estimation of the quantity due to the 
slag, therefore, could be arrived at from 
the quantities of manganese oxide in excess 
of 0.05% present in the deposit, the known 
manganese oxide content of the slag, and 
the total quantity of dust collected in each 
jar. The manganese oxide determinations 
are listed in Table V, where it may be seen 
that there was a marked increase in the 
manganese oxide content of the settled dust 
collected when the plant was operating. 
The quantities of settled dust due to blast- 
furnace slag have been tabulated in Table 
VI. The data show that only 8.5% of the 
average dirt-fall in the area was due to 
blast-furnace slag when the plant was shut 
down. However, when the plant was operat- 
ing, 30% of the average dirt-fall in the 
area was due to blast-furnace slag. The 
amounts of blast-furnace slag deposited at 
the individual stations varied from 8.5% 
at Station 12, not directly affected, to a 
maximum of 53% at Station 6 at the center 
of the plant activities. At Station 1, where 
the complaint arose, nearly 26% of the 
average amount of dirt-fall was due to 
blast-furnace slag. 

Table VII lists the quantities of suspend- 
ed matter obtained at the two stations which 
were most often downwind from the plant. 
The station nearer to the plant was often 
affected by plant operations, as indicated 
by the high average values and the ranges 
of the quantities of suspended particulate 
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matter which were obtained when the plant 
was operating. The percentage of the total 
suspended particulate matter due to plant 
operations is given for purposes of com- 
parison in Table VIII for two of the 
stations. The samples taken downwind from 
the plant clearly indicate that much of the 


TABLE V. 
PERCENTAGE MANGANESE OXIDE IN 
DusT-FALL SAMPLES 


Plant Down 


Plant Operating 


Station Dec. Nov. April June Average 
1 0.16 0.42 0.27 0.22 0.30 
2 0.14 0.47 0.34 0.27 0.36 
3 0.13 0.13 0.36 0.20 0.23 
4 0.02 0.24 0.18 0.47 0.30 
5 0.18 0.33 0.19 0.63 0.38 
6 0.17 0.61 0.32 0.65 0.53 
7 0.18 0.40 — 0.08 0.24 
8 0.03 0.24 0.23 0.40 0.29 
9 0.14 0.39 0.16 0.10 0.22 
10 0.16 0.20 0.31 0.37 0.29 
11 0.21 0.04 0.43 0.49 0.32 
12 0.09 0.20 0.15 0.10 0.15 
Average 0.13 0.31 0.27 0.33 0.30 

TABLE VI. 


TONS OF DusT-FALL PER SQUARE MILE PER 
MoNnTH DUE TO BLAST-FURNACE SLAG 


Plant Down 


Plant Operating 


Station Dec. Nov. April June Average 
1 1.8 14.5 11.0 5.3 10.3 
2 0.8 9.8 13.1 4.2 9.0 
3 0.6 3.1 10.7 3.4 5.7 
4 0 3.9 4.2 9.7 5.9 
5 At 14.8 8.7 17.8 13.8 
6 3.4 178.0 27.3 121.0 108.8 
7 2.0 11.9 -- 4.4 5.4 
8 0 4.3 3.7 7.5 5.2 
9 1.2 12 3.2 2.3 4.2 
10 2.0 12.3 9.9 11.0 11.1 
11 2.8 0 15.3 19.2 11.5 
12 0.4 2.5 3.6 1.8 2.6 

Average 1.3 21.9 10.1 17.3 16.1 

Average less 
station 6 1% 8.3 1.9 7.7 

TABLE VII. 


AVERAGE AND RANGE OF QUANTITIES OF 
PARTICULATE MATTER IN THE ATMOSPHERE 
AT A NUMBER OF STATIONS IN THE AREA 
ADJACENT TO THE PLANT 


Milligrams per Cubic Meter 
4/10 Mile North 8/10 Mile North 


Sampling Period of Plant of Plant 
December* 0.203 0.138 
(0.176-0.222) (0.142-0.159) 
November 0.762 0.270 
(0.124-1.980) (0.062-0.477) 
April 0.303 0.155 
(0.220-0.470) (0.082-0.260) 
June 0.169 0.162 
(0.099-0.272) (0.052-0.366) 


*Plant not operating. 


| 


Industrial Hygiene Quarterly 


TABLE VIII. 
PERCENTAGE OF PARTICULATE MATTER DUE TO 
BLAST-FURNACE SLAG IN THE ATMOSPHERE AT 
Two STATIONS IN THE AREA ADJACENT TO THE 
SLAG PLANT 


4/10 Mile North 4/10 Mile Down- 


Sampling Period of Plant wind of Plant 
December* 0.05 0.05 
November 25.00 68.00 
April 46.00 100.00 
June 0.05 34.80 
*Plant not operating. 
TABLE IX. 


PERCENTAGE OF FREE CRYSTALLINE SILICA 
(S10,) IN SETTLED DusT 


Per Cent Free 
Crystalline Silica 


Composite Stations 


1, 2,3 11.0 
4, 5,6 3.5 
7,8 2.5 
9 11.5 
10, 11 11.7 
12 10.6 
Average 8.5 


suspended matter in the air had its origin 
in the plant. During two of the sampling 
periods, when the plant was operating, the 
suspended matter at Station 1 also was 
composed largely of particles of  blast- 
furnace slag. The low value in June may be 
accounted for on the basis of shifting winds, 
which caused the stations to be upwind 
rather than downwind from the plant at 
the time these samples were collected. The 
calculations listed in Table VIII were based 
on the observation that the average manga- 
nese oxide content of the suspended matter 
in the Cincinnati atmosphere was 0.031% 
and that particles of slag less than 10 mi- 
crons in size, which are those most likely to 
remain suspended in the atmosphere, con- 
tained 1.229% manganese oxide. 

All of the evidence, therefore, indicated 
that the contribution of the plant to the 
pollution of the area, as measured by the 
quantities of settled dust and by the quan- 
tities of matter suspended in the atmos- 
phere, was considerable, although, the 
total pollution was not excessive as 
compared to that of other industrial 
cities. It is of interest to note, further, 
that the area involved in this survey is 
honeycombed with extensive sand and gravel 
pits, and that this feature was reflected in 
the x-ray patterns by the relatively strong 
lines of quartz in the samples obtained at 
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Wind rose diagram for daylight hours during 
all sampling days. 


all stations whether the plant was shut 
down or being operated (Table IV). Table 
IX gives the free crystalline silica in the 
dirt-fall as determined from composite 
samples of the stations. Except for Stations 
4 through 8, in or near the plant yard, the 
amounts of free crystalline silica in the 
settled dust of the area were somewhat 
larger than those found in samples of soot- 
fall in the Cincinnati area.* 

Wind-rose patterns for the area, shown 
in Fig. 3, indicate clearly that winds from 
the south to the southwest directly affected 
Stations 1 and 2, which were in the area 
from which complaints came. This area was 
downwind from the plant approximately 
50% of the time. Although the data ob- 
tained during this investigation prove by 
several different methods that the plant 
contributed a considerable portion of the 
pollution in the area, the wind-rose data are 
extremely useful in showing the role of 
meteorological factors in confirming or dis- 
proving the validity of complaints concern- 
ing the effluents from specific sources. 
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URING the 1954 Annual 

Meeting, HENRY F.SMYTH, 
JR., announced his intention 
to resign as Executive Secre- 
tary of AIHA, effective not 
later than June, 1955. This 
notice has made it necessary 
to formulate plans for filling 
the vacancy, or making other 
arrangements for handling 
the affairs of the Association. 

At the annual _ business 
meeting, amendments to the 
Constitution and By-Laws 
were proposed which would provide for 
contributing or sustaining memberships. 
This action was taken to provide the me- 
chanics for increasing Association income 
from other sources than membership dues, 
if necessary. The amendment was approved 
at the business meeting and it has since 
been circulated to the entire membership 
for vote. The results of this vote have been 
tabulated and the amendment was approved 
by a large majority. 

The AIHA has reached a stage of develop- 
ment where many of its activities tax the 
volunteer contributor to the limit. The time 
and effort which goes into the QUARTERLY, 
for example, is greater than is realized by 
many of our members. Any increase in the 
size of the QUARTERLY or frequency of pub- 
lication would further increase the work of 
its editors. The last President’s Page an- 
nounced plans for the appointment of tech- 
nical committees in our specialty fields. 
These committees now are functioning, and 
as reports are prepared for publication, the 
volunteer work load will become even great- 
er. While much of the work volume of the 
Executive Secretary’s office is routine, the 
resignation of HENRY F. SMYTH will create 
a void in leadership which has been so ably 
provided. The leadership provided by any 
one President extends over a short term of 
office which limits the scope of his accom- 
plishments, with no assurance that his pro- 
gram will be continued after he has com- 
pleted his term. The importance of continu- 
ity of purpose, policy, and technical activity 


are difficult to measure. How- 
ever, these items are essential 
to progress and growth of 
any organization, whether it 
be business or professional. 
Thus, any plan for AIHA re- 
organization must thoroughly 
consider all of these factors 
along with financial matters. 

It was with these thoughts 
in mind that an Organization- 
al Committee was appointed 
and charged with the follow- 
ing duties: (1) To consider 
the necessary reorganization within AIHA 
to provide for handling Association matters 
after the present Executive Secretary com- 
pletes his term. (2) To develop a plan for 
AIHA financing. (3) To consider other mat- 
ters related to the above. 

The Organizational Committee has held 
one meeting, however, a report has not been 
received. Findings of this committee will be 
presented to the Board of Directors for ac- 
tion, either by letter ballot or at its regular 
meeting in November. Presently it is im- 
possible to predict either the final plans for 
continuing the Executive Secretary’s office, 
or a date for putting any necessary reor- 
ganization into effect. 

HENRY SMYTH voluntarily became Execu- 
tive Secretary in 1947. He has served con- 
tinuously since that time, without remun- 
eration from the Association. He has given 
generously of his time for the promotion 
and development of the industrial hygiene 
profession. The AIHA owes DR. SMYTH a debt 
of gratitude which will be difficult to repay. 
On behalf of every AIHA member I should 
like to thank HENRY SMYTH and Mellon In- 
stitute for the many contributions over the 
past seven years. 

As a result of this special Executive Sec- 
retary arrangement, AIHA has operated on 
a minimum budget and the dues have been 
kept at an unbelievably low figure in com- 
parison to those of other professional so- 
cieties. Whatever the plan eventually adopt- 
ed for continuing the Executive Secretary’s 
office, we may expect increased operating ex- 
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penses. We should consider an increase in 
membership dues an essential and worth- 
while step toward the further development 
of our profession. Many members have al- 
ready urged your officers to propose a dues 
increase. As a result, consideration is now 
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being given to such an increase and the 
matter will be proposed at the annual busi- 
ness meeting in April, 1955. If approved at 
the business meeting, an amendment will be 
circulated to the membership for vote. 
—HERBERT T. WALWORTH 


+ Ttles ani Abstracts 


—FROM FOREIGN EXCHANGE JOURNALS 


: pe FOLLOWING is a partial list of articles, 
by titles and authors, from journals re- 
ceived by the AMERICAN INDUSTRIAL HYGIENE 
ASSOCIATION since the June, 1954 issue of 
the Quarterly in exchange for copies of the 
Quarterly. Additional information on any 
of the journals or articles may be obtained 
from: CARROL S. WEIL, Senior Industrial 
Fellow, Mellon Institute of Industrial Re- 
search, 4400 Fifth Avenue, Pittsburgh 13. 

I. LA MEDICINA DEL LAVORO (ITALY). Vol. 
45, No. 3 (1954). 

On Chloracne. V. Puccinelli, pp. 131 to 
145. 

A report and description of three cases of 
chloracne caused by the aromatic hydrocar- 
bon-pentachlorodiphenyl. The theory is ad- 
vanced that chloracne is produced by absorp- 
tion through the gastroenteric or inhalatory 
routes. 

Occupational Poisoning from Phosphorus 
Oxychloride. C. Sassi, pp. 171 to 177. 

II. LA MEDICINA DEL LAVORO (ITALY). Vol. 
45, No. 4 (1954). 

The Aminoacid Composition of the Pro- 
teins Composing the Hyaline Substance of 
Silicotic Nodules. B. Pernis and Pecchial, 
pp. 205 to 213. 

Alterations of the Eye in Chronic Mer- 
cury Poisoning. Clinical and Experimental 
Research Results. G. Baldi, B. Marengbi and 
A. Picollo, pp. 214 to 224. 

Blood Coagulation Process in Silicosis. E. 
Sartorelli, S. Cambruzzi and C. Bellamio, 
pp. 225 to 231. 

The Maximum Breathing Capacity Test 
in Silicosis. E. Sartorelli, pp. 232 to 238. 

Health Hazards in a Tartaric Acid Fac- 
tory. M. Barsotti, C. Sassi, and G. Ghetti, 
pp. 239 to 249. 


III. ARHIV ZA HIGIJENU RADA (YUGOSLA- 
VIA). Vol. 5, No. 1 (1954). 

Investigations on the Fate of Cadmium in 
the Body During the Course of Poisoning. 
R. Truhaut and C. Boudene, pp. 19 to 48. 

A microdetermination method for cad- 
mium involving nephelometry is presented. 
It was used to study the distribution and 
excretion of this material. The authors con- 
clude from this elimination experiment that 
cadmium is a cumulative poison. 

First Cases of Asbestosis and Simple 
Pneumoconiosis caused by Coal Dust in 
Yugoslavia. M. Stojadinovic’, pp. 57 to 76. 

IV. CHRONICLE OF THE WORLD HEALTH 
ORGANIZATION. Vol. 8, No. 1 (1954). 

Resistance of Insects to Insecticides. Pp. 
3 to 6. 

V. IBID. Vol. 8, No. 2-3 (1954). 

Control of Treponematosis. Pp. 39 to 108. 

VI. 1BID. Vol. 8, No. 4 (1954). 

Report of Expert Group on Alcohol as a 
Drug. Pp. 144 to 146. 

VII. IBID. Vol. 8, No. 5 (1954). 

Review of Work of WHO: 1953. Pp. 157 
to 181. 

VIII. 1B. Vol. 8, No. 6 (1954). 

IX. J. OF SCIENCE OF LABOUR (JAPAN). 
Vol. 30, No. 5 (1954). 

Chloronitrobenzene Poisoning. S. Kubota, 
S. Nomura and §S. Ishizu, pp. 283 to 301. 


books 


LOW AND FAN—PRINCIPLES OF MOVING AIR 
PF sso DUCTS: C. HAROLD BERRY. The In- 
dustrial Press, New York, 1954, pp. 226, $4.00. 

This is not a book on the design of indus- 
trial exhaust ventilation systems. Rather, it 
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is a discussion on the theory of air flow through 
ducts and fans with examples of some of the 
difficulties or pitfalls involved in some aspects 
of design. This book is not a substitute for the 
presently available manuals on industrial ex- 
haust systems utilized by the industrial hy- 
giene, plant or ventilation engineer but will 
have its principal value to the engineer faced 
with unusual ventilation problems which re- 
quire the determination of the various resist- 
ances within closer tolerances than generally 
is allowable within the limits of practice. There- 
fore, while it is one of interest to all ventilation 
engineers, it will have limited use in daily de- 
sign practice for the design engineer who must, 
by reason of economy, practicality and time, 
apply empirical knowledge to his design prob- 
lems. 

A complete discussion on industrial exhaust 
systems is not contained herein. For example, 
hood design, which is a most important feature 
of exhaust ventilation systems, has been 
omitted. This was done possibly in line with 
the author’s intent to treat topics, upon which 
information is readily available, with brief 
mention. However, if this be the case, it is 
difficult to understand why the author devotes 
about one-half of the book to the subject of 
fans. It is felt that the mathematical treat- 
ment of underlying theory, while simple, is 
too extensively treated and could be con- 
densed. The short discussion on effect of 
flanges, on page 99, is far too brief and should 
have been part of a chapter on hood design. 
The reviewer feels that too much space has 
been devoted to the subject of losses in con- 
verging and diverging passages. 

Greater use could have been made of actual 
problems and illustrations. The first chapter 
could well have included a discussion of the 
principles of air flow in which the various 
pressures involved in air flow through a ven- 
tilation system are graphically presented. This 
would have been of assistance to the engineer 
in providing him with a better understanding 
of the relationship between total, static and 
velocity pressures and their alteration from 
one end of the systems to the other. Then, the 
author’s discussion in Chapter 1 would be 
more readily understood by those engineers 
whose responsibilities in ventilation design is 
only one of several engineering tasks. 

This book is written for all those who have 
design problems in fluid flow, both pressure 
systems and exhaust systems. Therefore, the 
industrial hygiene engineer, devoting his de- 
sign efforts solely to exhaust systems, will find 
paragraphs which, at the moment, do not ap- 
ply to his field. For example, on page 52, the 
discussion of a duct carrying one gas, and 
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later another type of gas, rarely, if ever, arises 
in industrial hygiene and would be contrary 
to state codes. 

It is felt that the organization of the ma- 
terial (which is largely a compilation of a 
series of articles by the author which have 
appeared in Heating and Ventilating) and its 
mechanical presentation for publication could 
have been improved. Some of the tables, es- 
pecially those on pages 31, 33 and 53, are some- 
what difficult to read for the presbyopic engi- 
neer. 

The reviewer does want to indicate that the 
book is one which any design engineer can use 
to improve his knowledge of air flow and the 
various pressure losses which occur in duct 
systems. The book is not one devoted entirely 
to theory, in fact the author provides several 
excellent warnings, of pitfalls, which the de- 
signer should recognize. The author points out 
that in industrial exhaust ventilation design, 
the practice of basing all computations on 
static pressures, without consideration of total 
pressure, may be puzzling to the beginner. The 
effect of elevation on static pressure readings 
is also well discussed, although this effect is 
of minor significance to the designer of indus- 
trial exhaust systems. 

Several useful tables and charts are pre- 
sented—for example, those on frictional equiv- 
alent round and circular ducts and the chart 
on fifth powers of diameter ratios. These will 
simplify the determination of duct sizes to 
balance friction losses. The information on 
losses in elbows is well explained, as is the dis- 
cussion on system resistance and pressures, 
system power and static horsepower. The sec- 
tions on fans, although containing a sprink- 
ling of dimensional analyses, should be of con- 
siderable value to the design engincer. The 
plant engineer who is faced with ventilation 
problems and who must undertake to design 
systems could well afford to thoroughly peruse 
this book. In addition, the industrial hygienist, 
who has a responsibility for ventilation, will 
also find much value in this text. 

In conclusion, this book can principally be 
used as a supplement to, and not a substitute 
for, the presently utilized exhaust ventilation 
guides. —KENNETH M. MORSE 


Beaver Committee Reports 
OMMITTEE ON AIR POLLUTION: Interim Re- 
port. H.M. Stationery Office (London), 
1s. 6d. 

In December 1952 more than 4,000 people 
died in Greater London as the result of a four- 
day smog. On the 21st of July, 1953, Her 
Majesty’s Government appointed a Committee 
on Air Pollution “to examine the nature, 
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causes and effects of air pollution and the effi- 
cacy of present preventive measures; to con- 
sider what further preventive measures are 
practicable; and to make recommendations.” 
This committee,-commonly called, after its 
Chairman, the Beaver Committee, is living up 
to its name. Early in December its Interim 
Report was presented to Parliament by com- 
mand of Her Majesty. 

The committee has, thus far, called no evi- 
dence and this workmanlike report gives a 
brief survey of the present knowledge in this 
matter and includes some emergency recom- 
mendations, that may appear as counsels of 
despair, but some of which have already been 
put into effect. The Report does, however, give 
a great many basic facts and figures, upon 
which a reasoned discussion of long-term 
measures must be based. Particularly impor- 
tant in this respect, perhaps, is Table 5, which 
gives the main uses of solid fuel in Great 
Britain in 1952 and estimates of the pollution 
so caused. This shows, for example, that 204.7 
million tons of raw coal were burnt or car- 
bonized to produce 2.1 million tons of smoke, 
0.7 million tons of grit and 5.0 million tons of 
S0,. Of the smoke, 0.9 million tons were pro- 
duced by the domestic consumer; 0.8, by indus- 
try; and the remainder, by the railways. Of the 
SO,, the domestic grate is responsible for only 
about 0.9 million tons against industry’s 1.8 
and power-stations’ 1.0. 

In the light of these figures, and in view of 
the acknowledged difficulty of weaning the 
Briton from his barbarous open fire, it is in- 
teresting to note that the committee writes 
(5) “Both medical opinion and chemical in- 
vestigation indicate that the deleterious effects 
of the oxides of sulphur are greatly enhanced 
by the presence of smoke particles and our con- 
clusion, therefore, is that the first objective 
should be to prevent the emission of coal smoke 
and oil smoke, and of grit.” This recommenda- 
tion would seem to receive some support from 
the recent work of La Belle. It appears, how- 
ever, that the importance of sulphur com- 
pounds in damaging health as shown by Pro- 
fessor Drinker, Dr. Mary Amdur and their 
colleagues at Harvard, has not been fully 
appreciated in Britain. Too often only smoke 
and grit are considered as requiring abate- 
ment, with the result that some £600 millions 
were spent on electrical development in 1945- 
5l—and this though power-stations will ag- 
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gravate the sulphur problem in their own lo- 
calities—rather than on the gas industry which 
considerably reduces the sulphur emitted. 

The Report also gives an authoritative re- 
view of the disastrous fog episode of December, 
1952, which provided the stimulus for its ap- 
pointment. 

The cost of atmospheric pollution in Britain 
is estimated as being £100-150 millions p.a. 
Even a moderate proportion of this, therefore, 
invested in capital improvements designed to 
reduce air pollution, would pay handsome divi- 
dends. 

Among the longer-term preventive measures 
commended by the Committee are the pro- 
vision of smokeless solid fuel in adequate 
quantities for the domestic user, smokeless 
zones, and district heating. St. Louis, Pitts- 
burgh and other American cities are called in 
evidence to show that large smokeless zones 
are possible and effective. 

“This preliminary Report has outlined the 
main features of the problem of air pollution 
as it exists today. The causes and remedies 
of pollution by smoke are known: the prob- 
lem is one of practicability and economics, and 
of the education of the whole community.” This 
report, then, can be taken as an earnest of 
goodwill. We may hope that the Beaver Com- 
mittee will feel itself sufficiently supported by 
informed public opinion to produce a bold final 
report and that it will not allow itself to ig- 
nore the great importance to health of the ox- 
ides of sulphur. —PETER C. G. ISAAC 

Newcastle upon Tyne 


ry 


Wuus G. GREEN, 39, a leading Southern Cali- 

fornia chemist and air pollution technolo- 
gist, died May 23, 1954. Born in Pasadena, MR. 
GREEN made his home in Alhambra for 30 
years. Nationally known for his work in air 
and water pollution, he was Chairman of Gen- 
eral Petroleum’s Committee on Air Pollution 
Problems and had worked on a similar com- 
mittee for the Western Oil and Gas Associa- 
tion. He was a member of the AMERICAN INDUS- 
TRIAL HYGIENE ASSOCIATION, the American 


Chemical Society, the Franklin Society of 
Chemical Engineers, the General Petroleum 
Air Pollution Control Association and the 
American Petroleum Institute. 
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Utah Section 


HE UTAH SECTION held its quarterly meet- 
4 yo May 12 at the University of Utah. pr. 
M. D. THOMAS, originator of the Thomas Auto- 
meter, spoke on the subject “Some Health 
Aspects of Air Pollution.” 

During May, June, and July, the Utah Sec- 
tion sponsored a series of radio and television 
programs designed to acquaint the general 
public with Industrial Hygiene and Occupa- 
tional Medicine. The programs were as follows: 

May 1—“Industrial Hygiene and Occupa- 
tional Medicine, Early History”—PRESTON J. 
BURNHAM, M.D., Industrial Physician and Sur- 
geon. 

May 17—‘History of Occupational Medicine 
and Application to People of Utah”—PRESTON 
J. BURNHAM, M.D. 

May 22—“Home and Farm Hygiene”—. 
ELBRIDGE MORRILL, JR., Director, Division of Oc- 
cupational Health, Utah State Department of 
Health, and RICHARD D. COLEMAN, Senior As- 
sistant Sanitary Engineer, Occupational 
Health Field Station, U.S. Public Health Serv- 
ice. 
May 29—‘“Industrial Nursing’”—BEATRICE 
MCHARG, R.N., Industrial Nursing Consultant, 
Division of Occupational Health, Utah State 
Department of Health, and ADA BURT, R.N., 
Assistant Professor, College of Nursing, Uni- 
versity of Utah. 

June 12—“Industrial Hygiene, Recent His- 
tory and Application”—D. E. RUSHING, Princi- 


The television camera focuses on Preston J. 

Burnham, M.D. (right), chairman of the Utah 

Section radio-television program as he makes 

the introductory remarks. R. L. Servatius (left) 
acted as moderator. 
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pal Chemist, and DUNCAN A. HOLADAY, Acting 
Chief, Occupational Health Field Station, U.S, 
Public Health Service. 

June 12—“Federal and State Industrial Hy- 
giene Programs’”—E. ELBRIDGE MORRIILL, JR,, 
Director, Division of Occupational Health, 
Utah State Department of Health, and Lewis 
J. CRALLEY, Ph.D., Chief, Occupational Health 
Field Station, U.S. Public Health Service. 

June 13—A panel was presented on manage- 
ment’s interest in Industrial Hygiene and Oc- 
cupational Medicine with the following speak- 
ers: PRESTON J. BURNHAM, M.D.; LEWIS J. CRAL- 
LEY, Ph.D.; GEORGE A. SPENDLOVE, M.D., Director 
of Public Health, Utah State Department of 
Health; and JAMES K. RICHARDSON, Assistant 
to General Manager, Utah Copper Division, 
Kennecott Copper Corporation. 

June 14—“Industrial Commission Function 
in Industrial Hygiene”—oTTO WIESLEY, Chair- 
man, Utah State Industrial Commission. 

June 16—“Occupational Medicine’’—PRESTON 
J. BURNHAM, M.D. and PAUL S. RICHARDS, M.D. 

July—“Industrial Hygiene”—FRANCIS MOR- 
TENSON, Ph.D., Chief Hygienist; B. J. LARSON, 
M.D., Plant Physician; and FRANK DAIN, Diree- 
tor of Industrial Relations, Columbia-Geneva 
Steel Division, U.S. Steel Corporation. 


Western New York 
HE WESTERN New York Section held its an- 
nual meeting on March 4. The results of the 
election were announced: President—HAROW 


Dr. Lewis J. Cralley (left), Chief, Division Oc- 

cupational Health Field Station, demonstrates 

to the television audience a millipore dust and 

fume sampling apparatus as Mr. Servatius asks 
pertinent questions. 
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Ww. CROUCH, Eastman Kodak Company; Presi- 
dent-Elect—EDWARD C. RILEY, M.D., Eastman 
Kodak Company; Secretary-Treasurer—ROBERT 
H. WILSON, University of Rochester. 

The program for the evening consisted of a 
discussion of some of the problems, solved and 
unsolved, in the design and operation of a 
radio-toxicity laboratory intended for the use 
of alpha emitters. With HAROLD C. HODGE, Ph.D. 
as moderator, ROBERT H. WILSON spoke on “Ven- 
tilation Control” in terms of pressure gradi- 
ents, off gas cleaning, and continuous mainte- 
nance of exhaust; GERALD J. MILLER discussed 
the problems associated with the disposal of 
“hot” water and radioactive carcasses and 
feces; and DONALD A. MORKEN covered the diffi- 
culties encountered in setting up an atmosphere 
of radon free of daughter products in connec- 
tion with his current investigations of the 
toxicity of radon. All speakers are on the staff 
of the University of Rochester, Atomic Energy 
Project. 


St. Louis Section 


TH ST. LOUIS SECTION met May 25 and heard 

DR. RAYMOND C. SUNDERMAN, Medical Direc- 
tor, U.S. Defense Corporation, St. Louis Ord- 
nance Plant. DR. SUNDERMAN presented an il- 
lustrated discussion of his experiences and 
efforts in proper job placement and job re- 
habilitation for handicapped individuals. The 
presentation is being considered for the prep- 
aration of a movie entitled “This Could Be 
Your Life.” 


Rocky Mountain Section 


TH FIRST issue of the Rocky Mountain Sec- 

tion Newsletter was published May 1. It 
was pointed out that a newsletter was of par- 
ticular value because the section covers an area 
of about one-third of the United States. Fre- 
quent meetings cannot be held because of the 
distance. The section is donating subscriptions 
to the AIHA Quarterly to ten colleges and uni- 
versities. 


Metropolitan New York 


THE JUNE meeting of the Metropolitan New 

York Section was held jointly with the Sani- 
tary Engineering Group of the American So- 
ciety of Civil Engineers. The program was a 
panel discussion on the subject, “A Practical 
Approach to Air Pollution Control.” LEONARD 
GREENBURG, M.D., Commissioner of Air Pollu- 
tion Control, City of New York, acted as mod- 
erator. The members of the panel were: WAR- 
REN W. LACY, M.D., Republic Aviation Corpora- 
tion, Farmingdale, Long Island; KENNETH 
KUGEL, Chief Engineer, Government of the 
District of Columbia; JOHN P. BRADY, Edel Lab- 
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oratories, Newark, N.J.; JOHN M. KANE, Amer- 
ican Air Filter Company, Louisville, Kentucky. 


the 


CLARK D. BRIDGES joined the staff of the Amer- 
ican Medical Association Council on Indus- 
trial Health on June 1, 1954. MR. BRIDGES will 
be concerned with those aspects of the work of 
the Council which deal with scientific develop- 
ment, research and its application, clearing 
house services, reports on new developments, 
and liaison with allied non-medical scientific 
bodies. He will pay particular attention to 
selective placement and job evaluation. His 
book, “Job Placement of the Physically Handi- 
capped,” is a standard reference in this field. 
MR. BRIDGES is a member of the American So- 
ciety of Safety Engineers, the Veterans of 
Safety, and the President’s Committee on Em- 
ployment of the Physically Handicapped. He is 
a charter member of the AMERICAN INDUSTRIAL 
HYGIENE ASSOCIATION and was the first Presi- 
dent of the Chicago Section. During the past 
10 years, he has been head of safety engineer- 
ing, industrial hygiene, and health and safety 
education services for the Zurich-American In- 
surance Companies, Chicago. 


‘JILLIAM T. INGRAM has established a con- 
sulting practice in Sanitary Engineering 
in New York City. Effective September 1, his 
home office will be 20 Point Crescent, White- 
stone 57, New York. His laboratory office is at 
148 Islip Avenue, Islip, Long Island, New 
York, “% South Shore Laboratories. His prac- 
tice will be directed primarily to the environ- 
mental problems of industry, including: air 
pollution control, industrial hygiene and safe- 
ty, water supply, sewage disposal, refuse dis- 
posal, and other sanitation practices. 
PROFESSOR INGRAM will continue his asso- 
ciation with New York University, College of 
Engineering, as Adjunct Professor and will 
serve as a project director with the Research 
Division of the University on Sanitary Engi- 
neering, Industrial Health and Safety, and 
Air Pollution Control Research. 


LUMBERMENS MUTUAL Casualty Company re- 

cently opened a new and modern industrial 
hygiene research laboratory, which is under 
the direction of HERBERT T. WALWORTH, direc- 
tor of industrial hygiene for the Kemper com- 
panies. The new laboratory will be used for 
advanced research into the elimination of in- 
dustrial health hazards and for study of special 
related problems. 
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